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NOTE TO READERS 


The Agricultural Resources Situation and Outlook reports are being discontinued with this issue. Instead, an annual 
report, Agricultural Resources and Environmental Indicators, will be published and will contain most of the informa- 


tion currently included in the Agricultural Resources Situation and Outlook reports. The first issue is scheduled for 
June 1994. By combining data and information into one annual report, ERS will be able to provide a more compre- 
hensive view of resource and technology issues and trends. 
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Summary 


Harvested Cropland Expected To Be Lowest 
Since 1988. 


Cropland used for crops and harvested in 1993 is esti- 
mated to be the lowest since 1988. This decline results 
largely from wet weather and flooding in the Cor Belt, 
Lake States, and Northern Plains, which led to the smallest 
planted acreage since 1988. Preliminary estimates indi- 
cate the highest crop failure since the 1950’s. Based on 
program sign-up in March and April, slightly more land 
was idled in Federal programs than last year. However, 
due to the weather and floods, the program certification 
date was moved to September 17 in designated disaster 
counties and the final 1993 program compliance may dif- 
fer significantly from early-season plans. 


The effects of Midwestern flooding and Southeastern 
drought have affected input use, however, the magnitude is 
still uncertain. 


The amount of applied inputs was less than in previous 
years due to reduced planted acreage. Inputs applied after 
planting were also reduced. In addition, capital equipment 
was lost in the flooding. 


USS. fertilizer supplies during 1994 are expected to be am- 
ple, at stable to slightly higher prices. Planted acreage of 
the major fertilizer-using crops will primarily determine us- 
age. Plant nutrient use in 1992/93 is estimated at 19.8 mil- 
lion tons, down over 4 percent from a year earlier. Further 
evaluation of the Midwest flood impact could dampen this 
estimate. Political and economic restructuring in Eastern 
Europe, China, India, the former USSR, and the Middle 
East will likely reduce projected world fertilizer production 
and consumption in 1992/93. 


Conservation tillage systems were used on about 18 per- 
cent of the 1993 harvested winter wheat acreage. Nearly 
76 percent of the acreage was conventionally tilled without 
the moldboard plow. This is common in the wheat-fallow 
rotations of the arid west and is done primarily with the 
chisel plow, which leaves residue on the soil surface. Use 
of the moldboard plow continued to decrease -- 7 percent 
in 1993 compared to 11 percent in 1992. No-till increased 
from 3 to 4 percent and mulch-till decreased slightly. 


Over 90 percent of the 1992 fall potato acreage was con- 
ventionally tilled. Very little change has been reported 
since 1989. 


U.S. farmers can expect energy prices for the rest of 1993 


and for 1994 to be at, or modestly above, their 1992 aver- 
ages due to no or, at most, a small expected price increase 
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for imported crude oil. For 1993, direct energy expendi- 
tures are likely to be 3 to 4 percent below the preceding 
year. This reduction is attributed to a decline in energy 
use due to a drop in planted acreage resulting from the 
Midwest flooding, as well as the steady to minimally 
higher energy prices. 


Capital investment in farm machinery increased during the 
first 8 months of 1993. Farm tractor purchases were up 10 
percent and combine purchases were up 15 percent, com- 
pared to 1992. However, both were still below 1991. 


Several demand factors were responsible for increased capi- 
tal investment in farm machinery. Farm income was up 20 
percent in 1992, largely due to bumper grain crops. Since 
machinery purchases tend to lag behind farm income, the 
income increase led to more purchases in 1993. Interest 
rates are below 1992 levels, another positive factor for in- 
creased purchases. Higher asset values and lower farm 
debt increased farmers’ equity position, which also contrib- 
uted to higher demand for farm machinery. Nationally, 
capital depletion is continuing, with real depreciation ex- 


~ ceeding real capital expenditures every year since 1980. 


In the 1992/93 crop year, total seed use for eight major 
crops remained unchanged from the previous year at 5.9 
million tons. In 1993, soybean planted acreage stayed the 
same and the increased barley, oats, and cotton planted 
acreage was offset by decreased corn, sorghum, and rice. 


In 1993, field seed and forage seed prices paid by farmers 
were higher than the previous year. As a result, USDA’s 
price-paid index for all seeds rose to 169 in 1993 from 165 
in 1992. 


Farm seed expenditures were up in 1992 and are likely to 
be higher in 1993 because prices of most field crops and 
small grain seed, which constitute the major component of 
total seed expenditures, have increased sharply. 


The U.S. net seed-trade balance in 1992 fell 8 percent to 
$468 million. This decline primarily reflects gains in for- 
age, vegetables, flower, and corn seed import values and 
declines in soybeans, corn, and other seed export values. 


Average 1993 farm herbicide prices rose 1.9 percent and in- 
secticide prices rose 7.7 percent. Pesticide manufacturers’ 
costs increased in order to develop additional data to rereg- 
ister older products, and to research and develop new prod- 
ucts. Many manufacturers have also embarked on expen- 
sive biotechnology research. Dealers’ costs have also 

risen, especially for liability insurance. 


Cropland 


Cropland Harvested Is Down, Crop Failure Is Up, 
and Land Idled in Federal Programs Is Up Slightly 
Cropland harvested is down an estimated 9 million acres in 1993 and 


cropland used for crops is down about 6 million acres. Land idled in 
Federal programs and crop failure is up from 1992. 








Farmers intend to harvest nearly 297 million acres of the 
principal crops in 1993, which together with minor crops 
may raise total harvested acres to more than 309 million. 
About 10 million acres of the total harvested are estimated 
to be double cropped. After allowing for double cropping, 
harvested cropland is expected to be 299 million acres 
(table 1). This estimate of land from which crops will be 
harvested is about 9 million acres below last year and the 
smallest area since 1988. The reduction is the result of a 
higher crop failure, more land idled in Federal programs, 
and, perhaps most importantly, a smaller acreage planted. 


Crop failure is estimated to be more than 13 million acres, 
or more than 4 percent of the planted acreage. This is 
larger than 1988, when severe drought devastated several 
regions and is the highest estimated crop failure since the 
1950’s. The expected crop failure from drought in some 
regions and from wet weather and flooding in others re- 
flects sharp regional changes from last year. These include 
much higher crop failure in the Corn Belt, Lake States and 
Appalachian regions, followed by the Delta States, North- 
em Plains, and Southeast regions. Crop failure in 1993 is 
estimated to be less than last year for the Southern Plains, 
Mountain, and Pacific regions (table 2). Continued wet 
weather in the north central United States and/or killing 
frosts prior to crop maturity may further reduce acres har- 
vested. Also, the impact of the drought in the Southeast 
and Appalachian regions may be underestimated. 


An estimated 22 million acres were summer fallowed in 
1993, down about a million acres from 1992 (table 1). It 
is likely that some of the additional land contracted into 


Table 1--Major uses of cropland, United States 1/ 


the Conservation Reserve Program (CRP) for 1993 was 
normally summer fallowed. Lower set-aside requirements 
for some program crops, especially wheat, also has contrib- 
uted to the decline in land summer fallowed since 1987. 


The 334 million cropland acres used for crops (cropland 
harvested, crop failure, and summer fallow) in 1993 are 
down about 6 million (1.8 percent) from 1992 (table 1). 
This is the smallest area used for crops since 1988. The 
decrease in estimated cropland used for crops reflects pri- 
marily the prevented plantings. 


Land idled by Federal programs last year decreased to 
about 55 million acres, the lowest since 1986 (table 1, 
figure 1). According to the 1993 program enrollment re- 
port there was a slight increase in cropland idled in Fed- 
eral programs. The largest portion of the 1992-93 increase 
in land idled, however, was the result of more than 1 mil- 
lion additional acres being newly enrolled in the CRP. 


Cropland Decreases in 6 of the 10 
Farm Production Regions in 1993 


Cropland used for crops in 1993 is lower than last year in 
6 of the 10 farm production regions (table 2, figure 2). 
Cropland used and harvested decreased the most in the 
Lake States, Corn Belt and Northern Plains. Cropland har- 
vested is estimated to be down 10.0, 6.7, and 3.5 percent, 
respectively, in these regions from last year due to in- 
creased crop failure and to prevented plantings because of 
wet conditions and flooding. Cropland used for crops is 
estimated to be down more than 4 percent in the Lake 


1987 


Cropland 1984 1985 1986 
Cropland used for crops 373 372 357 
Cropland harvested 3/ 337 334 316 


Crop failure 6 7 9 


Cultivated summer fallow 30 31 Be 
Cropland idled by all 
Federal programs 27 31 48 
Annual programs 27 31 46 
Long-term programs 0 0 2 
Total, specified uses 4/ 400 403 405 


1988 1989 1990 1991 1992 2/ 1993 2/ 
Million acres 
327 341 341 337 340 334 
287 306 310 306 308 299 
10 8 6 7 9 13 
30 27 25 24 23 22 
78 61 62 65 55 56 
53 31 28 30 20 20 
25 30 34 35 35 36 
405 402 403 402 395 390 


1/ Includes the 48 conterminous States. 
2/ Preliminary, subject to revision. 


not add to totals due to rounding. 


3/ A double-cropped acre is counted as one acre. 
pasture or idle land not in Federal programs that is normally included in the total cropland base. 


Fewer than 200,000 acres were used for crops in Alaska and Hawaii. 


4/ Does not include cropland 
Breakdown may 
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States and nearly 3 percent in the Com Belt and Northern The preliminary estimates of land idled by Federal pro- 


Plains. The Delta States, Southeast, and Southern Plains grams excludes an additional 1.0 million acres of feed 
also experienced less cropland used for crops this year grain and wheat base that were signed up under 0/92 or 
than in 1992. 50/92 provisions, but were intended to be planted to minor 
The decrease in cropland acres in the Lake States resulted Figure 1 

primarily from decreases in corn, soybeans, wheat, and Major Uses of U.S. Cropland 

oats (table 7). In the Com Belt, cropland decreased primar- Million acres 

ily due to less corn and soybeans, with small decreases in 500 

acreage of oats and sorghum. Com Belt wheat was esti- Idied in Federal programs Crop failure 
mated to increase in 1993. The Northern Plains experi- Summer fallow 

enced decreases in corn, soybeans, sorghum, barley, and 400 ot 

oats. The acreage of wheat was also up slightly in the 

Northern Plains in 1993. 

Idled Acreage Higher Than 1992; 8 | ak RE OO ie AS SR lle 2 
Lower Than Other Years Since 1986 Bae Na eee eh eee ee 
About 56.4 million acres were intended to be idled under aes [haa eee enna aE le ag) 


Federal programs this year (table 3). However, the 1993 TJ [MPOPTANG TAIVESICR Joven 
annual program data is from the June report of program tle Nein ur tr hace: arin nT earn amne, Sas 
sign-up by farmers in March and April. As a result of the WARMUP OA A ee aaa haede ee 
extreme weather conditions in several regions, the ex- ROO, Fee ie Saha ieee rere 


tended period for participation in the 0/92 program; and Lune 





other disaster relief programs, actual program participation, ner 
this year may be quite different. The sign-up period for 0 
the 0/92 program was extended to September 17 in desig- 1972 7% 78 81 84 87 90 93 
nated disaster areas. 


Table 2--Cropland used for crops in 1993, and 1992-93 change, by region 


we ettate ele ella milla i m=) lay = aleiai~ w(aimim im mein mie icine i= sini SI oIS aie Share of 
Region Cropland Crop Summer all cropland 

harvested failure fallow Total used for crops 
1:09 3): eR = oo hrlnim in=i = ein in =o <= ai cis Million acres-------------------7-7777-- Percent 
Northeast 10.9 0.3 = 1182 BES 
Lake States 30.6 2.5 - 33e8 9.9 
Corn Belt 75.8 Be 7/ - 79.5 23.8 
Northern Plains 72.6 2.8 10.7 86.1 25.7 
Appalachian 16.0 0.8 = 16.8 5.0 
Southeast 9.4 0.6 - 10.0 3.0 
Delta States 15.6 0.4 - 16.0 4.8 
Southern Plains 28.1 lero 0.8 B02 9.0 
Mountain 24.8 0.5 8.0 3353 10.0 
Pacific 15.6 0.2 Zap 18.3 5.5 
United States 2/ 299.4 ish a 22.0 334.5 100.0 
1092E 93a change:ma  eEEN pei nn can Sanaa Percent------------- rrr rrr 
Northeast 1.9 3/ 3/ 1.8 
Lake States -10.0 257.1 3/ -4.6 
Corn Belt -6.7 428.6 3/ -2.9 
Northern Plains -3.5 55.6 -7.8 -2.7 
Appalachian -1.8 166.7 3/ 0.6 
Southeast eel 20.0 3/ -1.0 
Delta States -2.5 100.0 3/ -1.2 
Southern Plains 8.1 -61.8 -20.0 -0.7 
Mountain 6.0 -37.5 -1.2 3.4 
Pacific 33) = a3 -7.4 ial 
United States 2/ -2.6 45.6 -5.6 -1.6 


- = None or fewer than 50,000 acres. 

1/. Preliminary. Based on farmers’ intentions to harvest. 2/ Includes the 48 conterminous States. Fewer than 
200,000 acres were used for crops in Alaska and Hawaii. Breakdown may not sum to totals due to rounding. 
3/ No change or less than 0.05 percent. 
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oilseeds as permitted by the 1990 Farm Act. Only about 
one in three of the 1993 idled acres--19.9 million--is in an- 
nual Federal acreage reduction programs (including the 
0/92 and 50/92 programs not planted to minor oilseeds). 
Nearly two out of three of the 1992 idled acres are en- 
rolled in the CRP. 


Figure 2 
Change in Cropland Used for Crops by 
Farm Production Region, 1992-93 


Northern Epis mn ey 


Northeast 
Pacific +0.2 
+0.2 
Corn Belt 
ase Appalachian 
+0.1 
Southeast 
rn Plains 







a 


Delta States 
-0.2 » 


In million acres. 


Continuing the pattern from 1987-90, fewer acres of most 
program crops were idled by annual crop programs in 
1993 than in 1990 (table 3). The pattern of crop idling 
over the 1991-93 period is somewhat mixed. However, ex- 
cept for last year, fewer acres were idled by the annual 
crop programs than in any other year since 1982. Only 
corn and rice had more acres idled in annual crop pro- 
grams in 1993 than 1992. This is the result of increased 
acreage reduction program (ARP) requirements this year 
from 5 to 10 percent for corn and from 0 to 5 percent for 
rice. 


ARP requirements remained the same as last year for sor- 
ghum (5 percent) and oats (0 percent) but decreased for 
barley (from 5 to 0 percent), wheat (from 5 to 0 percent), 


and upland cotton (from 10 to 7.5 percent). The wheat 


ARP has also been set at 0 percent for 1994. The feed 
grain program for 1994 set preliminary ARP levels at 5 per- 
cent for corn and 0 percent for sorghum, barley, and oats. 
These feed grain ARP levels are subject to revision until 
November 15. 


The higher corn ARP for 1993, with other program provi- 
sions for each feed grain crop, resulted in a program sign- 
up for an increased feed-grain base idling of 3.5 million 
acres above the 20.8 million idled in 1992 (including the 
CRP) (table 3). With the decline in ARP and participation 
in other program provisions, wheat base idled is estimated 


Table 3--Cropland idled under Federal acreage reduction programs, United States 


Se em Fo a cee | Sa af me re) A [aw | 0 A | 1a mn | m8 | ws | me ee ee aa | sn | > |u| as ms can | maw amas) m |) | | edn 0 ww ws (Gs oder uses ms) ws ge es A S| ms eh a) sD | Ns) | Gn Gag) a oS ws ww es en ot em Les omen amiss 


Annual programs, base acres: 
Corn 
Sorghum 
Barley 
Oats 


mow 


Wheat 
Cotton 
Rice 


= 


- 
— Wo ooom 


~ on oe ooow 
° Ceawice CHivinie se 
So aomnn 


Ph 
w 
oO 


Total, annual programs 2/ 


Conservation Reserve Program 
(CRP), base acres: 3/ 
Corn 
Sorghum 
Barley 
Oats 


o 8 © 
m= PP 


Wheat 
Cotton 
Rice 


oo oo°oo 
-— oOo 


Total CRP-idled 
base acres 2/ lee 


Total base acres idled 2/ 27.0 30.7 47.4 
Total CRP-idled 


nonbase acres 


Total cropland idled under 
Federal programs 2/ 


e ° 
on nHAwOwo Dorr 


of oOrrn~ 
oe ee 
“SP Oe OW 


10.0 
70.5 


1988 1989 1990 1991 1992 1993 1/ 
Million acres 
20.5 10.8 10.7 7.4 5.2 8.8 
3.9 ses hoc 2.4 2.0 2.0 
2.8 Ce 2.9 nl 2.3 1.9 
0.3 0.3 0.2 0.5 0.6 0.6 
22.5 9.6 7.5 15.6 7.3 4.6 
2.2 3.5 2.0 le. 1e7, 1.3 
1 ots 1.0 0.9 0.4 0.6 
53.3 30.9 27.7 30.1 19.5 19.9 
2.8 3.4 3.8 3.9 4.1 4.3 
1.9 2.2 2.4 2.4 2.4 2.5 
1.9 2.4 2a 2.8 2.8 2.8 
0.9 el 1.3 1.3 1.4 1.4 
a 8.8 10.3 10.4 10.6 10.9 
1.0 1.2 13 ile 1.4 1.4 
4/ 4/ 4/ 4/ 4/ 4/ 
15.5 19.0 21.8 22.0 22.6 23.3 
68.8 49.9 49.5 52.1 42.1 43.2 
8.9 10.9 12.1 12.4 12.8 13.2 
Wiloll 60.8 61.6 64.5 54.9 56.4 


1/ Preliminary. 
in March and April. 


1993 (1.0 million acres) are not included. 
were bid into the CRP in addition to the crops listed. 


Annual program data based on the June ASCS Program Enrollment Report compiled from farmer’s sign-up 

2/ Because of rounding, crop acreages may not sum to the totals. 
and 50/92 programs from 1986 through 1992 are included in annual program data. 
and wheat enrolled in 0/92 and planted to oilseeds in 1991 (0.5 million acres), 
3/ Program began in 1986. 


Base acreages idled under 0/92 
However, base acres of feed grains 

in 1992 (0.7 million acres), and in 
Small acreages of peanut and tobacco base 


4/ Less than 50,000 acres. 
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to be down 2.4 million acres from the 17.9 million idled 
last year in the annual programs and CRP. 


The cotton base idled was down 0.4 million acres from the 
3.1 million idled last year due to the smaller ARP. This oc- 
curred in spite of a larger acreage participating in the pro- 
gram in 1993. The rice program participation this year 
was identical to 1992, but 0.2 million more acres of rice 
base are idled due to the increased ARP. 


In addition to the slight increase in land idled by annual 
programs, an additional 0.7 million base acres were bid 
into the CRP in 1993. The net base acreage idled by an- 
nual programs and the CRP in 1993 increased 1.1 million 
acres above last year. The total crop base idled is now at 
the second lowest level since the CRP began--43.2 million 
acres. Program compliance results next spring may 
change the 1993 idled acres data significantly. 


All acreage enrolled in the CRP must remain idle for the 
full 10-year life of the CRP contract. Base acreage in the 
CRP is preserved and could be eligible for program partici- 
pation at the end of the CRP contract. However, it could 
also remain idle without loss of base after expiration of the 
CRP contract under provisions of the 1990 Farm Act. 


Idled Acreage Up in Six Regions; 
All Were Down in 1992 


Acreage idled in Federal programs is up in 1993 in the 
Corn Belt, Lake States, Delta States, Appalachian, North- 
east, and Southeast (table 4). Program-idled acreage de- 
creased in the Northern Plains, Southern Plains, Mountain, 
and Pacific regions as it did in all the farm production re- 
gions between 1991 and 1992. 


Com acreage idled increased in all regions, primarily as a 
result of doubling the ARP requirement for 1993. How- 
ever, enrolled base acreage was also up nearly 7 percent 
from the complying acreage last year. In 1993, the en- 


rolled base acreage of each program crop equaled or ex- 
ceeded the complying base acreage in 1992. 


The wheat base idled in 1993 declined in all regions ex- 
cept the Northeast. As for corn, the principal factor caus- 
ing the decline was the change in ARP requirement, zero 
in 1993 as compared to 5 percent last year. The approxi- 
mately 5 million acres of wheat base idled this year (in- 
cluding that planted to minor oilseeds) are participating in 
the 0/92 program. About one-third of the idled wheat 
acres are in the Southern Plains. 


The idled acreage of upland cotton decreased and of rice 
increased in most regions as expected in response to the 
changed ARP requirements for 1993. 


Base Acreage Continues Down From 1985 Peak 


Total base acreage of major program crops--wheat, feed 
grains, cotton, and rice--reached a peak for the last decade 
at 240.3 million acres in 1985 (table 5). However, since 
1986 the CRP has cut the effective base acreage each year, 
down to 211.3 million acres in 1993. 


Complying base acreage is the part of effective base acre- 
age operated by producers who participate in annual com- 
modity programs. Participation in annual crop programs 
varies for several reasons, including the attractiveness of 
program provisions and outlook for crop prices. The pro- 
portion of the effective base enrolled (signed up) in 1993 
is 83.1 percent, up 4.3 percentage points from 1992 and 
higher than any year since 1988. However, it is still 4 per- 
centage points below the 1987 peak (table 5). 


The acreage enrolled in annual crop programs increased 
about 5 percent overall in 1993, based on the June enroll- 
ment report. The enrolled base acreage of each program 
crop equaled or exceeded 1992 levels. Only rice did not 
increase enrolled base acreage over the complying base 
acreage in 1992. The enrolled base of corn increased 


Table 4--Cropland idled under Federal acreage reduction programs, by region 


Region 1984 1985 1986 1987 
Northeast a 0.2 0.5 0.9 
Lake States 1.6 2.0 4.2 7.0 
Corn Belt 9 3.8 8.5 15.3 
Northern Plains 9.4 101 14. 19.7 
Appalachian 0.3 0.5 les 2.7 
Southeast 0.5 ().,7/ 13 350 
Delta States eS 1.9 2.4 3.5 
Southern Plains Bey, 5.9 823 Sie 7/ 
Mountain 39 3.9 5.4 8.7 
Pacific dyes 1.6 2.2 3.5 
United States 2/ 3/ 27.0 30.7 48.1 76.2 


Annual program data based on June ASCS Program Enrollment Report compiled from farmer's sign-up 
2/ Includes the 48 conterminous States. 


land idled by 0/92 and 50/92 programs 
Side ceddh kinins 3 1.0 million acres in 1993 enrolled in 0/92 or 50/92 programs and 


ludes 2.0 million acres enrolled in the Conservation Reserve Program in 1986, 
pled 8 lled in 1988, 29.8 million acres enrolled in 1989, 
lled in 1991, 35.4 million acres enrolled in 1992, 


1/ Preliminary. 
in March and April. 
totals. 
acres in 1991, 0.7 million acres in 1992, and 
planted to minor oilseeds. 


15.7 million acres enrolled in 1987, 24.5 million acres enro 
33.9 million acres enrolled in 1990, 34.4 million acres enro 


and 36.5 million acres enrolled in 1993. 
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1988 1989 1990 1991 1992 1993 1/ 
Million acres 

0.9 0.7 0.7 0.6 25 0.6 
6.7 4.7 aT 4.7 4.0 4.6 
13.9 8.8 9.0 8.2 Theses 9.3 
20.8 15.8 16.8 18.4 14.8 14.0 
3.0 2.3 2.3 Za eo Zee 
ge 3.0 3.0 58) 2.8 2.9 
Sink 320 2.6 oll eae 2.4 
12.0 10.0 9.8 11.0 9.0 8.9 
10.2 9.1 9.6 10.5 9.3 8.8 
3.8 sae Sel 3.6 Sie 2.8 
Iiof 60.8 61.6 64.5 54.9 56.4 


Because of rounding, regional data may not sum to U.S. 
from 1986 through 1992, except for about 0.5 million 


Table 5--Principal and program crops planted, total base acreage, 


and other Federal program acreage statistics and 


ela tionship sia meme oe ny fee cae py ae) Pll ee ear Ai: Pew ee 
EE a > Oe Oe Pee 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1/ 
Million acres 
6.9 326.0 327.6 320.8 
Principal crops planted 358.3 353.0 338.2 315.3 318.3 331.6 32 3 
progran eNbos planted 215.4 216.9 204.3 185.4 182.8 196.0 195.8 191.5 197.1 189.0 
Total base acreage of program crops 234.4 240.3 235.0 236.4 239.2 239.0 238.4 rds rae 234.6 
Base acres in CRP 2/ Ne 10.0 15.5 19.0 21.8 : a6 Coes 
Effective base acreage 3/ 234.4 "240.3 233.8 226.4 223.7 220.0 216.60 213 20 eel2oteeciae 
: 166.6 169.0 167.1 175.6 4/ 
Complying base acreage 128.6 162.8 192.9 197.2 187.8 168.0 
Anta Scare set-aside 27.0 30.7 46.1 60.5 53.3 30.9 2had, 30.1 5/ 19.5 S/ 19.9 5/ 
Complying base minus set-aside 101.6 139201 146.8 136.70 134-055 137.1) 138.9) 138 SR 47 eG 5a 7 
Complying base planted 88:0 116.1 135.5 132-6 125.0 123.1 ©1325) 9127249 913407 ea ama) 
Percent 
Effective base acreage as percentage 
of principal crops planted 65.4 68.1 69.1 71.8 70.3 66.3 66.3 65.4 64.7 65.9 
Complying base acreage as percentage 
of effective base acreage 54.9 67.7 82.5 87.1 84.0 76.4 76.9 79.3 78.8 83.1 4/ 
Complying base acreage as percentage 
of program crops planted 59.7 PSei 94.4 106.4 102.7 85.7 85.1 88.3 84.8 92.9 4/ 
Complying base planted as percentage 
of program crops planted 40.9 53.5 66.3 71.0 68.4 62.8 67.5 66.5 68.3 75.9 4/ 


1/ Preliminary. 2/ Program began in 1986. 


4/ Based on enrolled base acres for 1993. 


nearly 7 percent from the complying corn base last year. 
Similarly, sorghum increased nearly 3 percent; barley, 
more than 6 percent; oats, nearly 11 percent; wheat, 4 per- 
cent, and all cotton, over 3 percent. 


The maximum acreage that program participants may plant 
on their complying base acreage is the complying base 
acreage minus that required to be idled (ARP requirement). 
Because not all program participants plant up to their maxi- 
mum acreage, the complying base actually planted is less. 
Some producers use the 0/92 and 50/92 programs to idle 
additional acreage. Due to weather conditions in 1993 and 
the possibility of signing up for the 0/92 program much 
later than usual, participation may greatly exceed the origi- 
nal enrollment. 


Total acreage of program crops planted includes the acre- 
age planted by program participants as well as by nonpar- 
ticipants. The proportion of program-crop acreage en- 
rolled in Federal programs rose from 33 percent in 1982 to 
71 percent in 1987 and declined from 1987 through 1989. 
From 1990 through 1992 about two-thirds of the acreage 
of all program crops was produced by participants in an- 
nual Federal programs. However, based on the enrollment 
in 1993, that proportion will increase to a new high of 
more than 75 percent. 


Flex Acre Provisions Allow Considerable Shift 
From Corn to Soybeans 


Under 1990 farm legislation, the definition of "maximum 
payment acreage" limits deficiency payments to program 
participants to 85 percent of the base acreage established 
for their program crop, less the acreage required to be 
idled by the ARP requirement. The 15 percent of base 
acres on which deficiency payments will not be made are 
called "normal flex acres" and are unrelated to the individ- 


3/ Total base acreage of program crops less base acres in CRP. 
5/ Excludes land in 0/92 and 50/92 programs planted to minor oilseeds. 


ual program ARP requirements. These normal flex acres 
can be planted to the original program crop, another pro- 
gram crop, or an approved flex crop. Base acreage, how- 
ever, would be retained in the program crop if the land use 
was flexed to other crops. 


In addition to normal flex acres, an additional 10 percent 
of program crop base acres could be used as "optional flex 
acres." If a crop other than the original program crop is 
produced on these acres, the optional flex acres are not eli- 
gible for deficiency payments. However, program crops 
and oilseeds grown on either normal or optional flex acres 
are eligible for price support loans. Any optionally flexed 
acres are also considered planted to the program crop, 
thereby protecting the base. 


Planting flexibility on up to 25 percent of the base acreage 
provides some incentive for a wider selection of crops and 
increased crop rotation. However, some crops are specifi- 
cally excluded from production on flexed acres. Excluded 
are fruits and vegetables, including potatoes, dry edible 
beans, lentils, and specified types of dry peas. Any other 
crops may be excluded by the Secretary of Agriculture. 


Based on program crop enrollment in 1993, the calculated 
normal flex acres would total about 26.3 million (table 6). 
An additional 17.5 million acres could be optionally 
flexed. Program enrollment for 1993 shows about 9.8 mil- 
lion acres of gross flexed acreage of the potential 43.9 mil- 
lion acres. This would infer that a high proportion of nor- 
mal flex acres would still be planted to the original 
program crop and that the optional flex acres provision 
would not be heavily used. After accounting for land 
shifted from one program crop to another, the net flex 
acres amount to about 7.1 million, of which 7.0 million 
were to be flexed to nonprogram crops (table 6). 
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Table 6--Use of crop base flex area by program crop, 1993 1/ 


wwe gee mmm eee wm eee wee ew wee ee eee eee ett 


Thousand acres 


Flexed from other program crops 839 428 82 71 
Flexed to other program crops -415 -279 -311 255 el 397 a 6 2972 
Flexed to nonprogram crops: : j 
Soybeans -2,318 -275 -121 84 1,497 
: - -1, -142 -241 -4,678 
Minor oilseeds =e -21 -105 -25 - 366 -40 -41 -669 
Other nonprogram crops - 232 -131 -190 -48 -976 -83 -29 -1,689 
Subtotal - Nonprogram crops -2,622 -427 -416 -157 -2,839 -265 =311 -7 036 
Net change from flex provisions -2,198 -278 -645 -341 -3,438 143 -362 -7,118 
Normal flex acres 3/ -9,972 -1,646 -1,330 - 487 -10,244 -2,044 -594 -26,317 
Optional flex acres 4/ -6,648 -1,097 -887 -324 -6,829 al ayy -396 -17 ,543 
Total flex acres possible -16,620 -2,743 -2,217 -811 -17,073 -3,406 -990 -43 ,860 


1/ Preliminary . 


Based on the June ASCS Program Enrollment Report compiled from farmer’s sign-up in March and 


April. 2/ A positive number indicates the area flexed into the crop heading the column from another program crop. 

A negative number indicates the area flexed (or available for flexing) out of the crop heading the column to another 
crop. 3/ Normal flex acres were computed as 15 percent of enrolled base acres of the program crops. 4/ Optional 
flex acres could be up to an additional two-thirds of the normal flex acres (10 percent of enrolled base acres). 


The information in table 6 indicates the direction and mag- 
nitude of change in the program crop at the head of each 
column. That is, corn gained 839,000 acres flexed from 
other program crops. In turn, 415,000 acres were flexed 
out of corn and into other program crops. In total, includ- 
ing land flexed into nonprogram crops, corn lost nearly 2.2 
million acres, of which the acreage flexed to soybeans was 
119 percent of the net acreage flexed. More com acres 
could be flexed to soybeans than were flexed out of corn 
in net terms, because a larger acreage was flexed into corn 
from other program crops than was flexed out of corn to 
other program crops. 


Although there were shifts into and out of each program 
crop, only corn, sorghum, and cotton gained larger areas 
than they lost to other program crops through the flex pro- 
visions. On a relative basis, cotton gained considerably 
more than corn or sorghum and was the only program crop 
to have a net increase from the crop flex provisions. Cot- 
ton increased by 143,000 acres, net of land flexed from cot- 
ton to other crops. In contrast, even though corn gained 
more acres from other program crops than was flexed to 
other program crops, com experienced a considerable acre- 
age loss, primarily to soybeans. Soybeans gained nearly 
4.7 million acres (66 percent) of the more than 7 million 
net flex acres from all program crops in 1993. 


In comparing the gross acres (both normal and optional) 
flexed out of program crops to the potential normal flex 
acres, a smaller proportion of cotton acres were flexed (19 
percent) followed by corn (31 percent). Oats experienced 
the greatest flex of acres to other crops--nearly 85 percent. 
The relatively small acreage shifts in crops through the 
acreage flex provisions infers that producers’ preferred 
crop rotations have not been constrained by past base acte- 
age provisions. The pattern of acreage flexing in 1993 is 
quite similar to 1991 and 1992. However, producers have 
an opportunity to change their acreage flex plans through 
the final program certification date. This year, the final 
certification date was moved to September 17 in desig- 
nated disaster areas. 
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Corn, Sorghum, Barley, Oats, Soybeans, and 
Rice Acreage Down in 1993 


Harvested acreage of corn, sorghum, barley, oats, soy- 
beans, and rice is expected to decrease in 1993, while the 
acreage of wheat and cotton is estimated to increase from 
last year (table 7). Total harvested cropland is expected to 
be down nearly 9 million acres from a year earlier. The de- 
crease in harvested acreage can be partly attributed to the 
increase in land idled in Federal programs. However, a 
larger part of the decrease is due to wet conditions at plant- 
ing time and severe flooding in the Northern Plains, Lake 
States, and Corn Belt regions; to the drought conditions in 
the Southeast and Appalachian regions; and to killing 
frosts prior to crop maturity. 


Harvested com acreage in 1993 is forecast at 63.1 million, 
down 9 million from a year earlier. Largest decreases are 
predicted for the Corn Belt (-4.8 million acres), Lake 
States (-2.4 million), and Northern Plains (-1.2 million 
acres). The decrease in the Corn Belt follows large in- 
creases the last 2 years and the harvested acreage is esti- 
mated to be more than 3 percent below the 1987-91 aver- 
age. The estimated acreage of corn harvested for grain 
also declined in the Appalachian, Southeast, and Delta 
States regions. Acreage gains were reported for the South- 
ern Plains, Mountain, and Pacific regions. 


Sorghum acres harvested for grain in 1993 are estimated at 
9.7 million, down 2.5 million (20 percent) from a year ear- 
lier. However, the year-to-year drop is somewhat mislead- 
ing because in 1992 more than 1 million acres of sorghum 
were planted on failed cotton acres in Texas. The sorghum 
acreage did decrease or was unchanged in all regions that 
nomnally produce sorghum. The 1993 estimate of har- 
vested sorghum area is about 2 percent above the 1987-91 
average. 


The acreage of barley harvested is estimated to decrease 

(0.2 million acres (2.4 percent) from 1992. A decrease in 
barley acreage is indicated in the Northem Plains and the 
Pacific regions. All other regions are unchanged from 


Table 7--Harvested area of major crops, by region 


Crop Period North- Lake Corn Northern Appa- South- Delta Southern Uni ted 
east States Belt Plains  Jachian east States Plains Mountain Pacific States 1/ 
Million acres 
Corn: 2/ 
1987-91 Ave. 2.2 10.2 32.2 11.6 Sm 1.2 0.4 5 1.0 0.3 63.7 
1992 2.4 11.8 35.9 13.5 3.4 1.5 0.7 1.8 1.0 0.2 72.1 
1993 2.2 9.4 31.1 12.3 3.0 1.2 0.6 2.0 es 0.3 63.1 
Sorghum: 2/ 
1987-91 Ave. - - 0.7 5.0 0.1 0.1 0.6 3.0 0.4 3/ 9.9 
1992 - - 150 5.0 0.1 0.1 0.8 4.8 0.4 = 12.2 
1993 - - 0.9 4.4 0.1 0.1 0.4 3.6 0.3 - 9.7 
Barley: 
1987-91 Ave. 0.2 0.9 - er, One 3/ - Sh 2.8 1.0 8.4 
1992 0.2 0.8 - 3.1 Ori 3/ - 3/ 2.3 0.8 did 
1993 0.2 0.8 - 3.0 0.1 3/ - 3/ 2a3 0.7 7.1 
Oats: 
1987-91 Ave. 0.4 1.6 Avon 2.0 On 0.1 3/ 0.3 0.2 Oeil 6.0 
1992 0.3 1.2 0.8 1.6 Onl 0.1 3/ 0.2 0.2 0.1 4.5 
1993 0.3 1.1 0.5 1.3 3/ 0.1 3/ 0.2 Onl 0.1 3.8 
Wheat: 
1987-91 Ave. 0.6 3.2 4.9 25.1 A) Leel 1.8 8.7 9.1 3.6 59.7 
1992 0.6 3.5 4.1 ie 1.5 0.7 les 9.7 9.3 4.0 62.4 
1993 0.5 3.0 4.7 27.8 1.6 0.7 1.3 9.1 10.0 4.2 63.0 
Soybeans: 
1987-91 Ave. 1.1 6.5 29.6 6.8 4.2 2.2 7.0 0.5 - - 57.7 
1992 1.2 7.5 30.0 7.2 4.0 1.6 6.1 0.6 - - 58.2 
1993 1.2 7.0 29.2 6.3 3.8 1.4 6.6 0.5 - - 56.0 
Cotton: 
1987-91 Ave. - - 0.2 3/ 0.7 0.9 (ok) 522 0.5 ey al Vey 
1992 - - 0.3 3/ 1.0 1.1 302 3.9 0.5 11 1152 
1993 - - 0.3 3/ 1.0 1.2 a2 5.9 0.4 Led 13.3 
Rice: 
1987-91 Ave. - - 3/ - - 1.9 0.3 - 0.4 (olf 
1992 - - 0.1 - - 2.3 0.4 - 0.4 3a 
1993 - - 0.1 - - Zell 0.3 - 0.4 2.9 
- = None reported. 
1/ Includes the 48 conterminous States. Because of rounding, regional acres may not sum to U.S. totals. 2/ Corn 


and sorghum for grain. 3/ Less than 50,000 acres. 


1992. The 1993 harvested acreage of barley is more than 
15 percent below the 1987-91 average. 


Harvested oats acreage is estimated to be down 0.7 million 
acres from 1992 at 3.8 million acres. The largest de- 
creases are in the Northern Plains and Com Belt, but de- 
creases are also indicated in the Lake States, Mountain, 
and Appalachian regions. 


Wheat acreage harvested in 1993 is estimated at 63.0 mil- 
lion acres, up 0.6 million from a year ago and 3.3 million 
acres above the 1987-91 average. Although an increase, 
the change represents only 25 percent of the 2.4 million 
fewer wheat base acres idled in 1993 than in 1992. This 
pattern is quite similar to the 1991-92 change due to low 
prices and dry conditions at winter wheat planting time, as 
well as the first experience with the crop flex provisions 
for many winter wheat producers, but those reasons do not 
fit well this year. One possible reason for the small in- 
crease this year relative to the decrease in base acreage 
idled is the higher wheat base flexed to other crops in 
1993. 


The largest increases in wheat acreage harvested were in 
the Mountain and Corn Belt regions. These were followed 
by successively smaller increases in the Pacific, Northern 
Plains, and Appalachian regions. Decreases in wheat acre- 
age occurred in the Southern Plains, Lake States, and 
Northeast, while the Southeast and Delta States was un- 
changed from last year. As indicated earlier, a large area 
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of wheat base was idled in the Southern Plains, in spite of 
the zero ARP requirement, through participation in the 
0/92 program. 


Soybeans are expected to be harvested on 56.0 million 
acres in 1993, about 2.2 million fewer than in 1992. This 
harvested acreage is the lowest of recent history and re- 
sulted primarily from the wet conditions at planting time 
in several regions of the country; drought conditions in the 
Southeast and Appalachian regions; and early killing frosts 
in portions of the principal growing areas. Estimated soy- 
bean acreage harvested increased only in the Delta States. 


The cotton acreage harvested is estimated at 13.3 million 
in 1993, up 2.2 million from 1992. Land idled in the 1992 
annual cotton program decreased by 0.4 million acres from 
the 1992 crop year, primarily as a result of the reduced 
ARP requirement. The increase in cotton acreage is larg- 
est in the Southern Plains (2.0 million acres) followed bya 
small increase forecast for the Southeast. Estimated cotton 
acreage harvested decreased in the Mountain region and 
was unchanged in the other five farm production regions 
that normally produce cotton. 


Rice acreage harvested in 1993 is expected to be down to 
about 2.9 million acres. This acreage, however, is more 
than 7 percent above the 1987-91 average area harvested. 
The reduced acreage from 1992 occurred in the Delta 
States and Southern Plains. There was no change from 
last year in the Corn Belt or Pacific regions. 
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Fertilizer 


Fertilizer Use and Prices Expected Up in 1994 


Planted acres in 1994 are expected to increase over 1993 (especially 
com) since a zero ARP for 1994 wheat was set in July and a 5 percent 


ARP for 1994 corn was set September 30. 








Enduring political and economic restructuring in Eastern 
Europe, the former USSR, China, India, and the Middle 
East will likely reduce 1992/93 world fertilizer production 
and consumption compared to 1991/92. The disintegration 
of their command economies and slow evolution toward 
open markets has created a hard currency shortage and fer- 
tilizer production and distribution problems for former 
USSR and East European countries. Demand for fertilizer 
is down since prices are no longer subsidized or subsidized 
at a much lower rate than earlier, and relative prices of ag- 
ricultural products are down sharply. As a result, fertilizer 
consumption in these areas is down. Closing non-eco- 
nomic plants and reducing investment in new plants could 
result from this reduced effective demand. 


Fertilizer supplies in the United States during 1994 are ex- 
pected to be ample at stable to slightly higher prices. How- 
ever, planted acreage of the major fertilizer-using crops 

will be the main factor determining 1994 usage. Available 
fertilizer supplies, world demand, and petroleum (espe- 
cially natural gas) and sulphur prices are significant influ- 
ences on fertilizer prices. 


Largely because of the Midwest floods, 1993 planted acre- 
age was revised down in July and August. For example, 
in September planted acreage of all corn was estimated at 
73.7 million acres, down 0.6 million from the June acreage 
report and 7 percent from 1992. The lower than antici- 
pated 1993 crop and resulting drawdown in stocks led to 
the Secretary of Agriculture announcing a 5 percent 1994 
acreage reduction program (ARP) for corn (10 percent last 
year). In July, a 0 percent ARP for wheat (the same as last 
year) was announced. In addition, 1994 ARP’s for barley, 
sorghum, and oats were set at 0 percent. As a result, fertil- 
izer usage should increase, as com is the largest user of 
fertilizer. 


Consumption 


U.S. plant nutrient use is estimated to have decreased to 
19.8 million tons during the 1992/93 fertilizer year (July 1- 
June 30), down 4.1 percent from 20.7 million tons a year 
earlier. After the effects of the Midwest flood have been 
more fully analyzed, 1992/93 estimates may be even 
lower. Most of the decrease was due to less corn planting. 
Com acreage, which accounted for an estimated 44 percent 
of plant nutrient use in 1991/92, fell 7 percent, wheat acre- 
age, with 14 percent of nutrient use, remained about the 
same as a year earlier (table 8). 


The April 1993 index of prices paid by farmers for all fer- 
tilizers was 2 percent less than spring 1992. Domestic and 
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international supplies exceeded world consumption, result- 
ing in lower fertilizer prices. 


Fertilizer Use on Winter Wheat 


Fertilizer was applied to 87 percent of the winter wheat 
acres harvested in 1993 (table 9), 3 percent more than the 
previous year. The proportion of winter wheat acres 
treated with nitrogen, phosphate, and potash increased to 
86, 49, and 15 percent. Nitrogen per-acre application rate 
decreased from 66 to 63 pounds. The application rate for 
phosphate remained the same at 37, but potash increased 
to 15 pounds. Idaho acreage received the most nitrogen 
per acre at 102 pounds, while Illinois and Ohio had the 
highest application rates for phosphate and potash at 70 
and 66 pounds per acre, respectively. The least amount of 
nitrogen per acre (36 pounds) was applied in South Dakota. 


Fertilizer Use on 1992 Fall Potatoes 


Some fertilizer was applied to over 99 percent of the acre- 
age planted to fall potatoes in 1992; the proportion of 
acres treated ranged from over 99 percent for nitrogen to 
88 percent for potash (table 10). The area average for ni- 
trogen was 200 pounds per acre, while that for phosphate 
was 159 pounds, and 147 pounds for potash. 


Application rates for the three nutrients varied significantly 
by State. Similar to last year, North Dakota acreage re- 
ceived the least amount of nitrogen and phosphate, and 
North Dakota and Colorado acreage had the least amount 
of potash. Washington received the highest per acre appli- 
cations of nitrogen and phosphate and Wisconsin the most 
potash. 


Table 8--Planted crop acreage, U.S. 


Crop 1992 1993 Change 
Million acres Percent 
Wheat 72.3 VAS -0 
Feed grains 108.4 100.4 -7 
Corn 79.3 aah -7 
Other 1/ 29.0 26.6 -8 
Soybeans 59.3 59.5 0 
Cotton ae See 4 
Rice 3.2 3.0 -5 
1/ Sorghum, barley, and oats. 
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Table 9--Fertilizer use on winter wheat, 1993 1/ 


Acres receiving Application rates Proportion fertilized 
Fields Any At or 
in ferti- before After 

State Acres 2/ survey lizer- N P205 k20 N P205 K20 seeding seeding Both 

Thousand No. ==-=~\----=|-Percent-------- --Pounds per acre-- = ------ Percent- ------ 
Colorado 2,550 78 67 67 14 4 50 41 ** 22 ** 75 19 6 
Idaho 850 93 95 95 62 8 102 37 19 ** 40 22 38 
Illinois 1,550 75 99 99 81 68 87 70 83 13 19 68 
Kansas 11,300 252 87 87 51 8 55 30 19 * 62 10 28 
Missouri 1,400 67 98 96 ad, 75 84 52 61 34 22 44 
Montana 2,500 93 88 88 84 12 41 29 17 ** 79 2 19 
Nebraska 2,100 100 80 75 39 12 48 24 10 * 68 13 20 
Ohio 1,000 70 99 99 95 95 79 66 74 12 5 84 
Ok] ahoma 5,500 153 96 96 50 10 68 38 22 * 54 11 35 
Oregon 860 86 97 93 13 8 62 36 ** 3] ** 59 12 29 
South Dakota 1,400 64 45 45 36 2 36 * 29 9 56 18 25 
Texas 3,700 183 77 77 32 5 79 40 16 * 60 19 21 
Washington 2,501 139 98 98 38 5 65 22 23 ** 81 4 14 

Area: 

1993 37,211 1,453 87 86 49 15 63 37 48 58 12 30 
1992 36,990 1,592 85 85 46 13 66 37 40 57 12 31 
1991 34,180 1,655 84 84 49 19 65 40 54 58 12 30 


* = CV greater than 10 percent. ** = CV greater than 20 percent. 
1/ Preliminary. 2/ Acres harvested for winter wheat. 


Table 10--Fertilizer use on fall potatoes, 1992 


Acres receiving Application rates Proportion fertilized 
Fields Any At or 
Acres in ferti- before After 

State planted 1/ survey lizer- .=N P205 + kK20 N P205 K20 seeding seeding Both 
1,000 No. 2 --------- Percent-------- --Pounds per acre-- =§ - --------- Percent------ 

Colorado 67 48 100 100 98 79 190 183 77 2 0 98 
Idaho 380 299 99 99 99 80 234 173 98 eS 6 79 
Maine 81 160 100 100 99 99 168 179 179 80 3 17 
Michigan 37 75 100 100 100 95 214 161 * 219 24 0 76 
Minnesota 71 94 99 99 97 96 116 81 117 71 0 29 
New York 2/ 21 48 100 100 100 100 131 178 235 75 2 23 
North Dakota 145 93 100 99 97 87 90 66 76 * 78 0 22 
Oregon 45 144 99 99 98 88 185 158 159 24 4 71 
Pennsylvania 20 85 100 100 100 98 149 120 134 76 0 24 
Washington 125 172 100 100 99 98 308 246 246 39 m5 47 
Wisconsin 66 141 100 100 99 98 222 144 301 11 2 87 

Area: 

1992 1,058 1,359 100 100 99 88 200 159 147 Si 4 58 
1991 1,116 1,396 99 99 98 88 195 158 143 37 3 60 
1990 1,087 1,157 99 98 98 89 198 163 143 41 4 54 


* = CV greater than 10 percent. 
1/ Preliminary. 2/ Does not include Long Island. 


Use of Manure, Lime, Sulfur, and Micronutrients crops by improving the availability of soil nutrients. The 
In 1992 frequency of lime applications can range from every year 
on highly acidic soils to every 5-10 years on the less 

acidic soils in the Midwest. Lime was applied to 4 percent 
of the com acres surveyed in 1992, but no lime was re- 
ported used on rice or durum wheat. Lime application 
rates ranged from 1.9 tons per acre for corn to 0.1 tons for 
spring wheat. 


Manure was applied to 16 percent (19 percent in 1991) of 
all corn acres surveyed in 1992 (table 11). Use ranged 
from 43 percent (same as in 1991) of corn acres in Wiscon- 
sin to 7 percent in Missouri and Nebraska. Manure use on 
other crop acreage was less common, ranging from 6 per- 
cent for soybeans to 2 percent for winter wheat. Micronu- 
trient use also varied considerably by crop; over half of the Like other essential nutrients, sulfur plays an im t 
potato acres planted received micronutrients in 1992, while role in plant growth. Plants low in Te are eae 
only 2 percent of wheat acres were treated. and spindly, and sulfur deficiency can cause reduced root 
nodulation in legumes. Sulfur use was more common than 


Lime is applied to balance a soil’s pH (a measure of its lime on all crops surveyed except soybeans. Sulfur use 


acidity or alkalinity), which increases the yield potential of 
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Table 11--Manure, lime, sulfur, and micronutrient use on selected 


crops, 1992 


Acres receiving Application 
ead ancien amas eo ee eS sie teases ee per acre 
CPO- treet rrer rene 
Crop me SLY Acres 1/ Manure Lime Sulfur nutrients Lime Sulfur 
1,000 i $---------- Percent---------- Tons Pounds 
Corn 62,850 16 4 11 11 9 
Cotton 10,200 3 1 22 18 es 3 
Potatoes 1,063 3 6 57 57 0.9 61 
Rice 1,950 3 NR 10 9 NR 18 
Soybeans 48,630 6 5 1 2 1.6 10 
Wheat: / 
All 56,540 3 1 8 2 1.4 13 
Durum 2,200 4 NR 2 NR NR 1 
Spring 17,350 4 * 3 1 0.1 10 
Winter 36,990 2 2 12 2 1.5 14 


nr = None reported. 


* = Less than 0.5 percent. 


1/ Includes the major producing States for each crop. Information is 
based on harvested acres for winter wheat and planted acres for all other 


crops. 


was most prevalent on fall potatoes; calcium sulfate is fre- 
quently applied to extend potato storage life. Of the po- 
tato acres surveyed, 57 percent received an average of 61 
pounds of sulfur per acre in 1992. 


Futures Market 


Since its inception, fertilizer future contract trading has 
been weak. In an effort to strengthen the market, the Chi- 
cago Board of Trade (CBOT) voted August 17, 1993, to 
amend diammonium phosphate (DAP)--18-46-0 and anhy- 
drous ammonia regulations by increasing the deliverable 
supplies of product and changing trading hours. The new 
times are an hour earlier than before and are meant to al- 
low fertilizer trading to open before other agricultural mar- 
kets. The new trading hours are 8:00 a.m. to 12:15 p.m. 
for DAP and 8:05 a.m. to 12:20 p.m. for anhydrous ammo- 
nia. CBOT also approved applications for several shippers 
to increase deliveries. The increases would raise the deliv- 
erable supply of DAP by 10 percent from 1,990 shipping 
certificates to 2,190. The change would allow on-water 
Florida shippers to handle rail loadings and would be effec- 
tive for September 1994 contracts. The Board also ap- 
proved a proposal to increase the deliverable supply of an- 
hydrous ammonia by 17 percent, from 1,087 to 1,277 
shipping certificates. 


Supplies 


Effective January 1990, the U.S. Department of Commerce 
(DOC) reinstated the reporting of anhydrous ammonia 
quantity data for all countries except imports from the for- 
mer USSR. Since imports from the former USSR repre- 
sent a large portion of U.S. imports, nitrogen imports and 
domestic supply are significantly understated in this report. 


Domestic supplies of nitrogen and phosphate in 1992/93 in- 
creased from a year earlier while potash supplies went 
down. Supplies increased for nitrogen and phosphate even 
though production was down because of higher inventories 
and increased imports (table 12). Domestic supplies of pot- 
ash decreased due to reduced production and lower 


imports. 
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Table 12--U.S. fertilizer supplies 1/ 


Item 1991/92 1992/93 Change 
Million 
short tons Percent 

July 1 inventory: 

Nitrogen 1.01 1.14 13 

Phosphate 2/ 57 54 -5 

Potash .19 .25 32 
Production: 

Nitrogen 14.62 14.18 -3 

Phosphate 2/ 12.51 12.31 -2 

Potash 1.92 1.72 -10 
Imports: 

Nitrogen 3/ 3.59 3/ 3.89 8 

Phosphate 2/ .07 .18 157 

Potash 5.24 4.80 -8 
Exports: 

Nitrogen 3/ 3.42 3/ 2.54 -26 

Phosphate 2/ 5.58 5.19 -7 

Potash -66 52 -21 
Domestic supply: 4/ 

Nitrogen 3/ 15.80 3/ 16.67 6 

Phosphate 2/ 7.57 7.84 4 

Potash 6.69 6.25 -7 


1/ Data for July through June for the fertilizer 
year starting July 1. 2/ Does not include phosphate 
rock. 3/ Does not include imports of anhydrous 
ammonia from the former USSR. Thus, nitrogen imports 
and domestic supply are significantly understated. 

4/ Includes requirements for industrial uses. 


Trade 


Depressed world demand for fertilizer and reduced U.S 
planted acres caused U.S. production and exports to de- 
cline during 1992/93 when compared to the year earlier. 


U.S. nitrogen, phosphate, and potash exports (nutrient con- 
tent) during July 1992-June 1993 decreased 26, 21, and 22 
percent, respectively from last year. Urea exports to Can- 
ada, and China went down 71 and 61 percent, respectively, 
while diammonium phosphate (DAP) exports to India and 
China decreased 47 and 51 percent. Exports of monoam- 
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monium phosphate (MAP) to Canada and potash to Brazil 
increased 7 and decreased 41 percent, respectively. 


The volume of fertilizers exported from the United States 
varied when compared with the year earlier. For July 
1992-June 1993, DAP exports fell 26 percent from 10.7 to 
7.9 million tons while monoammonium phosphate exports 
went down 7 percent from 1.12 to 1.04 million tons. Phos- 
phate rock exports continued declining to 3.9 million tons, 
a 30 percent decrease. The phosphate rock of other export- 
ing countries has a higher ore content than that of the 
United States. 


Nitrogen solution exports decreased 50 percent from 
395,000 tons in 1991/92 to 196,000 in 1992/93. Urea ex- 
ports decreased 35 percent from 1.16 to 0.76 million tons, 
and concentrated superphosphate exports decreased 6 per- 
cent to 1.1 million tons. Exports of ammonium nitrate and 
ammonium sulfate went up 34 and 3 percent, while potas- 
sium sulfate and potassium chloride decreased 2 and 29 
percent, respectively. 


The main fertilizer deficit areas will continue to be in Asia, 
particularly China and India. In addition, France, Bel- 
gium, Italy, Japan, Pakistan, Korea, Mexico, and Brazil 
continue to be major recipients of U.S. fertilizer. During 
July 1992-June 1993, over 32 percent of urea exports and 
33 percent of diammonium phosphate exports-- repre- 
senting 245,000 and 2.6 million tons of product, respec- 
tively-- went to China. India received about 13 percent of 
DAP exports, while South Korea and Chile obtained an- 
other 25 and 10 percent of urea, respectively. 


Canada, Belgium-Luxembourg, and France remain impor- 
tant buyers of U.S. nitrogen solutions, receiving 66,000, 
59,000, and 32,000 tons (80 percent) of these exports dur- 
ing 1991/92. Brazil and Mexico received 395,000 and 
172,000 tons or 44 and 19 percent of ammonium sulfate 
exports, respectively. Brazil also received 210,000 tons or 
38 percent of potassium muriate exports. Australia, Brazil, 
Indonesia, and Chile received 283,000, 174,000,159,000 
and 155,000 tons or 26, 16, 15, and 14 percent of concen- 
trated superphosphate exports. Phosphate rock exports 
have declined as a result of increased competition from 
Morocco. South Korea, Canada, Japan, the Netherlands, 
Belgium-Luxembourg, Germany, and India remained the 
major recipients. 


Fertilizer material imports for many products were less 
than year-earlier levels. Potassium chloride imports during 
July-June were down 9 percent from a year earlier to 7.7 
million tons. Imports of potassium chloride from Canada 
remained strong at around 92 percent of the total, and 
those from Russia, and Israel decreased to 3 and 2 percent 
of the total. Ammonium nitrate imports were up 3 percent 
to 520,000 tons, and ammonium sulfate imports went 
down 4 percent to 364,000 tons. Anhydrous ammonia im- 
ports were down 8 percent. However, urea imports in- 
creased 57 percent from 1.7 to 2.6 million tons, with im- 
ports from Canada responsible for 38 percent of the total. 
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Production 


Domestic nitrogen, phosphate, and potash fertilizer produc- 
tion decreased during 1992/93 in response to less domestic 
planted acres and reduced world consumption. The slow 
evolution of the former USSR and Eastern Europe toward 
a market economy has caused reduced world demand. In 
response, U.S. nitrogen production decreased 3 percent dur- 
ing July 1992-June 1993; however some anhydrous ammo- 
nia producers operated at close to capacity. Phosphate pro- 
duction decreased 2 percent and U.S. potash production 
was down 10 percent from a year earlier. 


Prices 


Aggregate farm fertilizer prices in spring 1993 were 2 per- 
cent less than a year earlier (table 13). Reduced world de- 
mand as a direct result of the economic reforms in Eastern 
Europe, the former USSR, China, India, and the Middle 
East, and excess U.S. production pushed prices down. In 
addition, planted U.S. acres in 1993 were less than antici- 
pated by the fertilizer industry, resulting in excess domes- 
tic supplies and lower fertilizer prices. 


Nitrogen prices generally have changed less than phos- 
phate or potash prices since spring 1992, with anhydrous 
ammonia price increasing 2 percent. Prices of other nitro- 
gen materials either remained constant or changed slightly. 
Triple superphosphate and diammonium phosphate prices 
went down 8 and 11 percent. Potash prices also decreased 
slightly; the price of potassium chloride went from $150 to 
$146 per ton in April from year earlier levels. 


Prices paid by farmers for fertilizer products reflect whole- 
sale trends as well as other economic relationships. Since 
spring 1993, fertilizer wholesale prices have dropped in re- 
sponse to excess domestic supplies and reduced demand. 
This seasonal down-turn in prices will likely reverse direc- 
tion later this fall, as dealers increase stocks in anticipation 
of demand next year. Fall retail prices are typically less 
than the following spring prices. Spring 1994 prices will 
likely be higher than fall 1993 prices, refiecting expecta- 
tions for increased 1994 planted acreage of fertilizer inten- 
sive crops such as corn, and higher fertilizer production 
costs. 


Table 13--April farm fertilizer prices 1/ 


Phosphates 
ttre ttt ec cere ---- Prices 
Anhydrous triple diammonium Mixed paid 
ammonia  super- (DAP) Potash (6-24- index 
Year (82%) (44-46%) (18-46-0%) (60%) 24%) 1977-100 
Dollars per short ton 
1987 187 194 220 115 176 117 
1988 208 222 251 157 208 132 
1989 224 229 256 163 217 141 
1990 199 201 219 155 198 130 
1991 210 217 235 156 206 136 
1992 208 206 224 150 200 LZ 
1993 213 190 199 146 190 129 


1/ Derived from the April survey of farm supply dealers 
conducted by NASS, USDA. 
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Tillage Systems 


Continued Slow Growth in Conservation Tillage for 


Winter Wheat and Potatoes 


To meet conservation compliance requirements, potato producers are 
expected to rely on crop rotations and cover crops instead of tillage 
systems. Winter wheat producers are often in compliance with their 


current tillage operations. 








Tillage operations and amount of previous crop residue on 
the soil surface after planting are important indicators of 
soil erosion potential. The conservation compliance provi- 
sions of the 1985 Food Security Act and the Food, Agricul- 
ture, Conservation, and Trade Act of 1990 require farmers 
to implement conservation practices on highly erodible 
land (HEL) by 1995 to be eligible for most USDA pro- 
gram benefits. Recommended practices to meet these re- 
quirements include a change in crop rotation, different till- 
age system, additional cropping practices (such as 
contouring), and/or installation of permanent structures. 
The United States Department of Agriculture (USDA) has 
developed soil conservation plans for 141 million acres of 
highly erodible U. S. cropland. These plans include crop 
residue management as part of the recommended treatment 
on about 75 percent of the 110 million HEL acres planted 
to crops. 


For water erosion control purposes, a conservation tillage 
system is defined as one that leaves 30 percent or more of 
the soil surface covered with previous crop residue after 
planting. Conservation tillage systems include mulch-till, 
no-till, and ridge-till. Conventional tillage methods (with 
and without the moldboard plow) leave less than 30 per- 
cent. Since the various tillage systems leave significantly 
different residue levels, the type of system directly affects 
erosion potential and water quality. In general, conven- 
tional tillage systems without the moldboard plow leave 
less than one-half as much residue after planting as mulch- 
till systems. High residue tillage systems, such as no-till 
and ridge tillage, can leave as much as 70 percent cover- 
age of the soil surface and offer more protection against 
erosion. 


Tillage system designations for the Economic Research 
Service Cropping Practices Survey were based on the use 
or nonuse of specific tillage implements and estimates of 
residue remaining after planting (1). 


Winter Wheat 


A steady decline in the use of the moldboard plow has 
been reported in winter wheat production since 1988 (table 
14). A corresponding increase has occurred in conven- 
tional tillage without the plow and in no-till. No large in- 
crease in conservation tillage acreage is expected for next 
year as conservation compliance plans are implemented. 


Over one-third of the 1993 winter wheat was harvested 
from HEL (appendix table 1). On HEL designated fields, 
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75 percent use conventional tillage, 3 percent with the 
moldboard plow and 72 percent without. 


Conventional tillage on HEL land may create the potential 
for significant erosion. However, HEL acres which are 
conventionally tilled should not be interpreted as the acre- 
age that would be out of compliance with the 1985 and 
1990 farm bills. If conditions are favorable and the fall- 
planted winter wheat gets a reasonable start, growing 
wheat probably provides enough cover to meet the erosion 
rate restrictions during critical erosion periods. This is par- 
ticularly true for the spring wind erosion period in most 
western States. These acres might meet compliance re- 
quirements no matter which tillage system was used. 


Other factors influence erosion rates and would also di- 
rectly relate to meeting conservation compliance require- 
ments. Soil-loss equations consider the entire length of a 
rotation, not just the current crop and its tillage system, in 
the calculation of erosion rate. The calculated rate is the 
average of the sum of the individual rates of each crop, till- 
age, and practice combination over the life of the rotation. 
In addition, the presence of other practices, such as con- 
touring or terracing, would reduce the erosion rate. The 
soil and its erodability characteristics also have a large in- 
fluence, as does the weather. These items are also consid- 
ered in soil-loss equations. 


In the western States, wind erosion is usually more of a 
problem than water erosion. A greater proportion of total 
acreage may be affected because wind erosion is not lim- 
ited to the more sloping soils. Many western winter wheat 
producers follow a wheat-fallow rotation. They usually be- 
gin the fallow period by roughening the soil by chisel or 
sweep plowing, leaving residue on the soil surface. This 
not only decreases wind erosion but helps capture mois- 
ture. Winter wheat is planted the following fall and plant 
growth provides protection during the next spring’s critical 
wind erosion period. 


On the other hand, acres producing winter wheat with con- 
servation tillage might not automatically be in compliance. 
If the previous crop leaves little residue or any tillage op- 
erations leave bare soil during critical erosion periods, 
even conservation tillage acreage may have erosion rates 
above compliance limits. 


Oregon reported the heaviest reliance on the moldboard 
plow (36 percent) among major States harvesting winter 


Table 14--Tillage systems used in winter. wheat production, 


1988 - 1993 1/ 


Category 1988 1989 1990 1991 1992 1993 
Harvested acres 
(1,000) 2/ 32,830 34,710 40,200 34,180 36,990 37,210 
Percent of acres 3/ 
Tillage system: 
Conv/w mbd plow 4/15 16 12 12 11 7 
Conv/wo mbd plow 5/ 67 68 69 72 68 76 
Mulch-till 6/ 16 nS 7) ite 18 14 
No-till 7/ 1 1 3 3 3 4 
Residue remaining Percent of soil surface covered 
after planting: 
Conv/w mbd plow 2 2 2 2 2 2 
Conv/wo mbd plow 14 14 14 14 14 ike) 
Mulch-til] 38 35 38 38 38 39 
No-till 61 66 53a 57 58 54 
Average 17 17 18 17 19 18 
Number 
Hours per acre: 
Conv/w mbd plow U/ al. 7 a 6 BT 
Conv/wo mbd plow 5 eD 5 nD 5 aS 
Mulch-till 4 .4 3 4 4 a3 
No-till 1 Bel 1 el 1 pall 
Average 5 5 5 5 ~5 4 
Times over field: 
Conv/w mbd plow Ss 533 5a 5.6 Sac 526 
Conv/wo mbd plow 5.0 4.8 5.0 5.0 4.9 5.0 
Mulch-till 4.5 4.1 4.0 4.2 4.2 4.1 
No-till 1.0 1.0 1.0 1.0 1.0 he@ 
Average 4.9 4.7 Aaa, 4.9 Aa 4.7 


1/ Arkansas and Indiana not included in 1993. 2/ Preliminary. 
3/ May not add to 100 due to rounding. 4/ Conventional tillage 
with moldboard plow--any tillage system that includes the use of 
a moldboard plow and has less than 30 percent residue remaining 
after planting. 5/ Conventional tillage without moldboard plow- 
-any tillage system that has less than 30 percent remaining 
residue and does not use a moldboard plow. 6/ Mulch-tillage- 

-a system that has 30 percent or greater remaining residue after 
planting and is not a no-till system. 7/ No-tillage--no 
residue-incorporating tillage operations performed prior to 
planting, allows passes of nontillage implements, such as stalk 


choppers. 


wheat in 1993 (appendix table 1). According to Extension 
personnel, some western producers believe that the risk of 
disease is intensified when large amounts of wheat residue 
are left on the soil surface. Many of these States follow a 
wheat-fallow or a wheat-wheat-fallow rotation. Colorado, 
South Dakota, and Oregon reported that mulch tillage was 
used on nearly 25 percent of winter wheat acreage. IIli- 
nois, Missouri, and Ohio reported over 20 percent no-till 
on winter wheat acreage. These States often plant winter 
wheat after fragile-residue soybeans. For example, in 
1991 Missouri reported that 47 percent of the harvested 
winter wheat acreage was planted after soybeans, Illinois 
67 percent, and Ohio 85 percent (2). 


Illinois, Missouri, and South Dakota had the highest esti- 
mated residue remaining after planting (over 25 percent) 
because of extensive use of mulch-till and no-till methods. 
Oklahoma and Oregon had the lowest (13 and 14 percent) 
because of greater use of conventional tillage methods. 
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Except for the no-till system, wheat acreage normally has 
more trips over the field than most other field crops. This 
is because much of the wheat produced in the Great Plains 
and western States is produced after a fallow period (2). 
All implement trips over the field made during the fallow 
year were included in determining residue levels. The typi- 
cal fallow procedure starts in the fall with chisel plowing 
and other noninversion tillage operations, instead of a sin- 
gle pass with the moldboard plow. For these States, there- 
fore, more trips over the field may occur with conventional 
tillage without the moldboard plow than with the plow. 


Potatoes 


Conservation tillage systems are not common among po- 
tato growers (table 15). Growers normally hill the pota- 
toes by cultivating and mounding dirt onto the rows. This 
process is made more difficult when large amounts of resi- 
due are present. Disease can also be a problem when resi- 
due is left. In rotations emphasizing potatoes, decaying 
vines or tubers may harbor the organisms for early or late 
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Table 15--Tillage systems used in fall potato prod 
1989 - 1992 c een 


Category 1989 1990 1991 1992 


Planted acres 
(1,000) 1/ 1,011 1,087 1,116 10,200 


Percent of acres 2/ 
Tillage system: 


Conv/w mbd plow 3/ 39 35 34 35 
Conv/wo mbd plow 4/ 54 56 56 56 
Mulch-till 5/ 6 8 9 8 
No-till 6/ id id id 1 


Residue remaining Percent of soil surface covered 


after planting: 


Conv/w mbd plow 2 2 2 2 

Conv/wo mbd plow 10 11 12 10 

Mulch-till 39 41 39 40 

No-till id id id 47 

Average 9 10 11 10 
Number 


Hours per acre: 


Conv/w mbd plow 9 1.0 9 -8 
Conv/wo mbd plow .8 a 8 aT 
Mulch-til] Bi 4 5 4 
No-till id id id 2 

Average 8 8 8 oy 

Times over field: 

Conv/w mbd plow 4.1 4.1 4.0 3.8 
Conv/wo mbd plow 4.5 4.4 4.5 4.3 
Mulch-til] 2.9 2.8 3.0 el 
No-till id id id 1.0 

Average 4.3 4.2 4.2 4.0 


id = Insufficient data. 


1/ Preliminary. 2/ May not add to 100 due to rounding. 
3/ Conventional tillage with moldboard plow--any tillage 
system that includes the use of a moldboard plow and has 
less than 30 percent residue remaining after planting. 
4/ Conventional tillage without moldboard plow--any 
tillage system that has less than 30 percent remaining 
residue and does not use a moldboard plow. 5/ Mulch- 
tillage--system that has 30 percent or greater remaining 
residue after planting and is not a no-till system. 

6/ No-tillage--no residue-incorporating tillage 
operations performed prior to planting, allows passes 
of nontillage implements, such as stalk choppers. 
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blight. Rotations in irrigated areas usually include higher 
profit crops like corn in order to recapture fixed invest- 
ments in irrigation equipment. Leaving corn residue can 
create the problem of corn roots interfering with hilling op- 
erations. 


Wind erosion is a common problem on the flat, loamy- 
sandy soils used for potato production. Therefore, many 
of these soils are designated highly erodible. Cover crops, 
such as rye, are often used as erosion protection in the east- 
ern States where fall moisture is usually not a limitation. 
This may partially explain why in some eastern States the 
moldboard plow is used more extensively (appendix table 
2). In 1992, Pennsylvania farmers used the moldboard 
plow on 96 percent of fall potato acreage and New York 
and Wisconsin used the plow on over 65 percent. 


In other States, producers used the moldboard plow less 
and retained more crop residue (particularly small grains) 
in order to comply with erosion reduction objectives and 
conserve moisture. From 10 to 21 percent mulch-till was 
reported in Maine, Minnesota, North Dakota, Washington, 
and Wisconsin. 


The most feasible practices for potato growers to meet 
compliance restrictions may be the use of cover crops and 
the choice of rotations that generate residue containing no 
blight hazard. Production in 1993 and 1994 may show 
more changes in this direction. 


In many States, total remaining residue averaged less than 
10 percent. Overall, there was an average of more than 
four tillage passes on 1992 fall potato acreage. 
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Energy 


Small Changes Foreseen for Energy Prices 


and Consumption 


The price of energy to farmers is expected to change little for the 
remainder of 1993 and for 1994 while energy consumption will fall 


slightly below that of recent years. 








U.S. farmers can expect energy prices for the rest of 1993 
and for 1994 to be at, or modestly above, their 1992 aver- 
ages due to no or, at most, a small expected increase in the 
price for imported crude oil. For 1993, direct energy ex- 
penditures (about 3.8 percent of total cash farm production 
expenses) are expected to be 3 to 4 percent below the pre- 
ceding year. The reduction is attributed to steady or mini- 
mally higher energy prices coupled with a slight decline in 
energy use associated with the Midwest flooding. 


The World Crude Oil Price 


The world crude oil price is affected by supply, demand, 
and other factors such as expectations of market partici- 
pants. Each factor is subject to considerable uncertainty. 
For example, current uncertainties concerning oil supply in- 
volve oil exports from the former USSR and production 
from the Organization of Petroleum Exporting Countries 
(OPEC). 


In the former USSR, the production and domestic con- 
sumption of crude oil are expected to decline. The volume 
of crude oil available for export will be determined by the 
rate of decline in consumption relative to production as 
well as by the need for foreign exchange in the emerging 
market economies of the new republics. 


Two OPEC countries, Kuwait and Iraq, are in the process 
of restoring their pre-war production capacity and export 
facilities. Kuwait is expected to increase oil production 
and exports as capacity is restored, although production 
may be held below capacity in compliance with OPEC pro- 
duction quotas. Iraqi production will be constrained as 
long as the United Nations embargo against exports re- 
mains in effect. Aggregate OPEC production depends on 
the willingness of other OPEC members to increase their 
production, if necessary, as exports from Kuwait, and possi- 
bly Iraq, remain below normal. 


The important uncertainties affecting oil demand over the 
next year or so include the magnitude of economic growth 
in the United States, Japan, and Western Europe and the se- 
verity of winter weather. Steady economic recovery is ex- 
pected in Organization for Economic Cooperation and De- 
velopment (OECD) countries. In the short run, variations 
in weather could have a greater impact on demand than 
variations in economic activity. 


Two other uncertainties affect the extent to which these 
supply and demand uncertainties influence crude oil 
prices: excess crude oil production capacity and stocks of 


18 


crude. Excess capacity is expected to increase by 1.6 mil- 
lion barrels in the remainder of 1993 and in 1994 as in- 
creases in OPEC production will be somewhat less than ad- 
ditions to production capacity. During the last half of 

1993 and the first quarter of 1994, the market economies 
are expected to have enough stocks readily available to 
meet petroleum demand for over 30 days, based on antici- 
pated demand. This is about 3 days more than the same 
period in 1992 and 1993. 


Given these uncertainties, the world price of crude oil is 

forecast by the Department of Energy to remain approxi- 
mately unchanged through the end of 1993 and increase 

slightly in 1994. 


Domestic Petroleum Consumption and Production 


The Department of Energy has analyzed the consumption 
and production of refined petroleum products in the United 
States, assuming an average world price of crude oil of 
$18.77 per barrel through 1994. With a modestly higher 
world crude oil price and a sluggish, though rebounding, 
economy, U.S. petroleum demand is expected to increase. 
At a world price of $18.77 per barrel, the demand for all 
refined petroleum products in 1994 is expected to be 17.89 
million barrels per day, a 2.5-percent increase from 1993 
(table 16). 


On the supply side, the $18.77-per-barrel price will not re- 
verse the rate of decline in domestic crude oil production 
in 1994. As a result of this, coupled with increased domes- 
tic consumption, net crude oil and refined petroleum prod- 
uct imports are expected to increase 5.9 percent in 1994. 


In the event of a $18.77-per-barrel world oil price, the 
U.S. price of crude oil is assumed to increase by $0.57 per 
barrel (1.4 cents per gallon) from the fourth quarter of 
1992 to the fourth quarter of 1994. Most refined petro- 
leum product prices would see little change, although there 
are a couple of exceptions. Gasoline prices are expected 
to go up an additional 1 to 2 cents per gallon due to State 
and local tax increases following the 4.3 cents per gallon 
rise on October 1, 1993, in the federal excise tax on motor 
fuels that was part of the Administration’s deficit reduction 
package. 


The diesel fuel price will rise by 2 to 7 cents per gallon be- 
ginning in late 1993, due to federally mandated lower sul- 
fur-content requirements. This is in addition to the 4.3 
cents per gallon rise that occurred on October 1, 1993. 
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Table 16--U.S. petroleum consumption-supply balance 


Forecast 
Item 1990 1991 1992 1993 1994 


Million barrels/day 


Consumption: 
Motor gasoline ope) UENO Rca 7.43 7.53 
Distillate fuel 3.02 2.92 2.98 Sls one4 
Residual fuel Vi2seeal.l65 1.09 1.08 1.16 
Other petroleum 1/ 5.51 5.45 5.69 5.81 5.96 
Total 16.99 16.72 17.03 17.45 17.89 
Supply: 
Production 2/ 9.70 9.90 9.78 9.55 9.25 


Net crude oi] and 
petroleum imports 
(includes SPR) 3/ 7.17 6.63 7.01 7.93 8.40 
Net stock 
withdrawals 0.12 0.19 0.24 -0.03 0.24 
Total 16.99 16.72 17.03 17.45 17.89 
Net imports as a Percent 
share of total 


supply 42.20 39.65 41.16 45.44 46.95 
Percent change from previous year 
Consumption =1559 1-85 2.47 2.52 


Domestic production -06 -1.21 -2.35 -3.14 
Imports 5.73 Sie 2eee 5s 9S 


' 
“PR 
on 

Ww 


1/ Includes crude of] product supplied, natural gas 
liquid (NGL), other hydrocarbons and alcohol, and jet 
fuel. 2/ Includes domestic of] production, NGL, and 
other domestic processing gains (i.e., volumetric gain 
in refinery cracking and distillation process). 

3/ Includes both crude oi] and refined products. 
SPR denotes Strategic Petroleum Reserves. 


Source: U.S. Department of Energy, Energy Information 
Administration. Short-Term Energy Outlook. 
DOE/EIA-0202 (93/30), August 1993. 


At $18.77 per barrel, the consumption of most refined pe- 
troleum products is expected to increase slightly in 1994. 
In the transportation sector, continued slow economic 
growth is expected to dampen travel demand. Growth in 
motor-vehicle miles traveled is expected to be more than 
offset by continued improvements in vehicle efficiency 
that reduce gasoline and diesel fuel use. 


The absence of any significant change in energy prices is 
expected to have a minimal effect on domestic production 
of crude oil in 1994. In an $18.77-per-barrel oil price sce- 
nario, domestic crude output is projected to decline 
300,000 barrels per day in 1994 from 1993. 


At $18.77 per barrel, 1994 net imports of crude oil are an- 
ticipated to increase 470,000 barrels per day to 8.4 million 
barrels, compared to a rise of 920,000 barrels in 1993. 
The expected 1994 increase largely reflects lower import 
rates during the first three quarters of 1993, giving a lower 
base of imports. 


Electricity Prices and Availability 


The dominant fuel used to generate electricity inthe 

United States, coal, is projected to remain at its 1993 price 
to electric utilities for 1994. This is the result of continued 
increases in productivity and available excess coal-produc- 
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tion capacity which offset a first-quarter price rise due to a 
stock buildup. 


Accordingly, the price of electricity will not change appre- 
ciably. The price of electricity, in addition to being a func- 
tion of the price of fuel, is dependent on interest rates (af- 
fecting the cost of capital for expansion and maintenance) 
and labor rates. Both rates are expected to increase mini- 
mally or not at all in 1994. 


The present generating capacity for electricity is more than 
adequate to meet expected needs through 1994. Increases 
in electricity generation in 1994 are expected to be primar- 
ily from coal. Coal generating capacity is expected to con- 
tinue increasing (at about 0.2 percent per year), while 
growth in nuclear generation is constrained. Hydroelectric 
generation is expected to rebound in 1994 due to a return 
to nomnal rainfall in the Pacific Northwest, where more 
than one-half of U.S. hydroelectric capacity is located. 


Energy in the Farm Sector 


The U.S. agricultural sector’s energy supply and price ex- 
pectations are a reflection of world crude-oil market condi- 
tions. Current world oil supplies are adequate and are ex- 
pected to remain so through 1994. Fuel prices in the farm 
sector decreased in 1992 from 1991, and increased slightly 
in 1993 over 1992, for the first three reporting periods. 
For 1994 they are likely to stabilize at, or slightly above, 
1993. Farmers can expect plentiful supplies of gasoline, 
diesel fuel, and liquefied petroleum (LP) gas this year. 


Little shift is expected in the input mix (i.e., fuel choice) 
over the next year. If crude oil prices rise, however, farm- 
ers will likely substitute relatively less expensive energy 
(e.g., natural gas) for refined petroleum products where 
possible. 


Farm Fuel Use 


Agricultural consumption of refined petroleum products, 
such as diesel fuel, gasoline, and liquefied petroleum gas, 
declined steadily between 1981 and 1989 (table 17). Since 
then, aggregate energy consumption has remained rela- 
tively constant. 


Although the number of acres planted influences energy 
use, so do weather and other factors. For example, switch- 
ing from gasoline to diesel-powered engines, adopting con- 
servation tillage practices, changing to larger, multifunc- 
tion machines, and creating new methods of crop drying 
and irrigation contributed to the earlier decline. No-till 
and mulch-till farming practices which tend to be less en- 
ergy intensive, have been more widely adopted in the past 
few years and are as prevalent as conventional tillage prac- 
tices in some parts of the United States. 


With only a minimal variation in the total number of acres 
planted and harvested, a few significant changes in crop- 
ping practices, and somewhat lower average energy prices, 
1992 farm consumption of gasoline and diesel fuel were 
slightly greater than their 1991 levels. 


19 


Table 17--Gallons of fuel purchased for on-farm 
use: 1981-1992 1/ 2/ 


Billion gallons 


1981 2 
1982 2 
1983 2 
1984 2 
1985 1. 
1986 1. 
1987 1 
1988 1 
1989 1 
1990 1 
1991 1 
1992 1 
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1/ Excludes Alaska and Hawai{. 

2/ Excludes fuel used for household and personal 
business. 

3/ Not available 


Source: U.S. Department of Agriculture, National 
Agriculture Statistics Service, Farm Production 
Expenditures, 1981, 1982, 1983, 1984, 1985, 1986, 
1987, 1988, 1989, 1990, and 1991 summaries. Data 
for 1992 are from the National Agricultural 
Statistics Service and are not elsewhere 
published. 


Energy Prices Fell in 1992; Up in 1993 


Crude oil prices (especially imported crude, because it is 
the marginal supply in most instances) heavily influence 
the prices farmers pay for refined petroleum products. His- 
torically, each 1-percent increase in the U.S. price of im- 
ported crude oil has translated into about a 0.7-percent rise 
in the farm price of gasoline and diesel fuel. In 1992, 
gasoline prices were 3.4 percent below their 1991 average, 
while diesel fuel prices fell 5.7 percent. So far in 1993, 
gasoline prices are 0.3 percent above their 1992 average 
for the corresponding period and diesel fuel prices are 0.4 
percent above 1992 (table 18). 


Energy Expenditures Up 1992 


In 1992 (the most recent period for which data are avail- 
able), farm energy expenditures on gasoline, diesel fuel, 
LP gas, electricity, natural gas, and lubricants totaled $8.27 
billion, up 14 percent from a year earlier (table 19). This 
increase reflects a 14.4-percent expansion in fuel and lubri- 
cant expenditures, a 13.9-percent increase in electricity ex- 
penditures for non-irrigation purposes, and a 11.0-percent 
rise in expenditures on electricity for irrigation. 


Total electricity expenditures increased by nearly 13 per- 
cent. Lower energy prices and higher crop yields, and a 
slight rise in the number of acres planted and harvested in 
1992 from 1991, accounted for these increases. 
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Table 18--Average U.S. farm fuel prices 1/ 


Year Gasoline Diesel fuel LP gas 
$/gallon 2/ 
1981 1.29 1.16 0.70 
1982 dees ee 0.71 
1983 1.18 1.00 0.77 
1984 1.16 1.00 0.76 
1985 115 0.97 0.73 
1986 0.89 0.71 0.67 
1987 0.92 0.71 0.59 
1988 0.93 0.73 0.59 
1989 1.05 0.76 0.58 
1990 1.17 0.94 0.83 
1991 1.19 0.87 0.75 
1992 115: 0.82 0.72 
Jan 1992 1.08 0.77 0.75 
April 1992 ett 0.79 0.71 
July 1992 1.21 0.84 0.69 
Oct 1992 1.19 0.86 0.73 
Jan 1993 ies 0.80 0.86 
April 1993 1.15 0.82 0.78 
July 1993 1.13 0.79 0.73 


1/ Based on surveys of farm supply dealers conducted 
by the National Agricultural Statistics Service, USDA. 
2/ Bulk delivered. The gasoline and LP gas prices 
include federal, state, and local per gallon taxes. 
The diesel fuel price excludes states road taxes and 
the federal excise tax and includes states and local 
per gallon taxes where applicable. 


Table 19--Farm energy expenditures 


Item 1988 1989 1990 1991 1992 
$ billion 
Fuels and 
lubricants: 
Gasoline 1.42 1.44 1.65 1.50 1.72 
Diesel 2.12, 2@.l2 Code 2.34" 2705 
LP gas 0.38 0.38 +%O.53 0.44 0.65 
Other 0.53 0.51 O.57 0.65 0.63 
Electricity: 
Excluding 
irrigation Zol/e oe le CO ml. 65m one 
For irrigation 0.48 0.64 0.65 0.76 0.84 
Total 7.10 6.78 7.47 7.25 8.27 
Percent change from 
preceding year -4.51 10.18 -2.95 14.07 


Source: U.S. Department of Agriculture, National 
Agriculture Statistics Service, Farm Production 
Expenditures, 1987, 1988, 1989, 1990, and 1991 
summaries. Data for 1992 are from the National 
Agricultural Statistics Service and are not elsewhere 
publ ished. 
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Impact of the Midwest Flooding and Southeast Drought on Farm Fuel Use 


Adverse weather conditions are expected to signifi- 
cantly impact agricultural energy consumption in 1993. 
First, due to flooding and excess moisture in the upper 
Mississippi and lower Missouri Valleys, the planted and 
anticipated harvested acreage for corn and soybeans 
have been reduced. For corn, based on the October 12, 
1993, Crop Production Report of the U.S. Department 
of Agriculture, the forecast planted acreage of 73.7 mil- 
lion acres has been lowered from the 74.3 million acres 
in the June 30, 1993 Crop Production Report and is be- 
low the 79.3 million acres in 1992/1993. For soybeans, 
the forecast planted acreage of 59.5 million acres is 
down from the 61.6 million acres in June but is virtu- 
ally unchanged from 59.1 million acres in 1992/1993. 


Harvested acreage is expected to show a bigger change 
than planted acreage because some crops were already 
in the ground when the moisture came. Thus, corn har- 
vested acreage is expected to decline from 72.1 million 
acres in 1992/1993 to 64.0 million acres in 1993/1994. 
Soybean harvested acreage is anticipated to decline 
from 58.4 million acres in 1992/1993 to 56.3 million 
acres in 1993/1994. 


The second adverse weather condition affecting energy 
consumption this year is the drought in the Southeast 
United States. This will not only affect soybean output 
in the Southeast, but will impact the output of cotton in 
South Carolina, Georgia, and Alabama. However, the 
decline in expected harvested acreage of cotton is being 
more than made up for by an overall increase in planted 
acreage nationally. The net effect of the drought will 
be a decline in the average cotton yield from 680 
pounds in 1992/1993 to 668 pounds in 1993/1994 with 
a slight increase in harvested acreage from 11.1 million 
acres to 13.3 million acres. 


Given these considerations, the drought is expected to 
have little or no perceptible impact on energy consump- 
tion, since planted and harvested acreage impacts en- 
ergy use while yield has little measurable effect. The 
flood in the Midwest, on the other hand, will have a 
measurable effect on agricultural energy use. 


Planting and harvesting activities are significant energy 
users. They include preplanting, planting, cultivating, 
harvesting, fertilizer application, pesticide application, 


Agricultural Resources: Inputs/AR-32/October 1993 


farm pickup, and irrigation. In fact, nearly 77 percent 
of the diesel fuel and 80 percent of gasoline consumed 
on farms are for these activities. Consequently, a reduc- 
tion in these will lead to an overall lessening of farm 
fuel use. Further, fewer planting and harvesting activi- 
ties will reduce the need for irrigation and post-harvest 
operations such as crop drying. These activities rely 
heavily on liquefied petroleum gas. Nearly 57 percent 
of the liquefied petroleum gas consumed on the farm is 
accounted for by such activities. 


What does the unusually wet weather in the Midwest 
portend for farm fuel use in 1993? The empirical rela- 
tionships between planted and harvested acreage and dif- 
ferent types of farm fuel use have been previously estab- 
lished using hypothesized relationships between 
individual energy types and various factors that are im- 
portant in explaining the variations in energy use. 

These factors include, in addition to planted and har- 
vested acreage, the price of energy (e.g., diesel fuel), 

the price of competing types of energy (e.g., gasoline), 
the stock of energy using machinery and equipment, 

and precipitation (1,2). 


Because of the flooding in the Midwest, it is expected 
that in 1993 farm diesel fuel consumption will decline 
by 122 million gallons or 3.8 percent relative to what 
was expected prior to the flooding. In addition, gaso- 
line consumption will fall by 78 million gallons or 4.9 
percent, and liquefied petroleum consumption will be re- 
duced by 11.1 million gallons or 1.8 percent. These an- 
ticipated reductions are attributed solely to the effects 

of the Midwest flooding on planted and harvested 
acreage. 
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Farm Machinery 


Farm Machinery Purchases Up 


More farm machinery was purchased in the United States in the first 8 
months of 1993 than for the same period of 1992, due to increased 
farm income, lower interest rates, higher asset values, and lower farm 


debt. 








Monthly tractor and combine purchases from January 
through July 1993 increased over the same months in 
1992. Sales are expected to remain strong through the end 
of 1993. 


Unit Sales Up in 1993 


and-over horsepower category increased 24.4 percent and 
are forecast to end the year with a 22 percent increase. 
Historically, when sales of all tractors increase, large (over 
100 horsepower) tractor sales go up proportionately more 


Figure 3 
Farm Tractor Sales 


Sales of farm tractors and combines increased during the 
first 8 months of 1993, compared to 1992 (figure 3). How- 
ever, sales were still below those of 1991. Farm tractor 
sales through August 1993 totaled 38,144 units, compared 
to 34,388 units for the first 8 months of 1992, and 40,586 
units for 1991. 


1,000 units 
7 


Total tractor purchases are forecast to be up 8 percent in 
1993, an increase from the 2 percent forecast in February 
(table 20). Most factors affecting machinery demand cur- 
rently favor increased equipment purchases. While farm 
income was up in 1992, machinery purchases terided to lag 
behind farm income, which is a positive factor for 1993. 
The value of farm assets is up and will probably continue 
to increase in 1993. The debt to asset ratio, 16.1 in 1992, 
should hold steady through 1993. Interest rates are the 
lowest since 1962 and continue to decline, another positive 
factor for increased purchases. 





Tractor sales in the 40-100 horsepower category increased Jan Mar May Jul Sep Nov 
4.3 percent through August 1992-93 and are forecast to 


end the year with a 1 percent increase. Tractors in the 100- Hee treet oe eo ee es 


Source: Equipment Manufacturers Institute. 


Table 20--Domestic farm machinery unit sales 


Change Change 


Machinery category 1986 1987 1988 1989 1990 1991 1992 1993F 91-92 92-93 
Units Percent 
Tractors: 
Two-wheel-drive 
40-99 hp 30,800 30,700 33,100 35,000 38,400 33,900 34,500 34,800 2 1 
100-139 hp 1/ 5,100 5,100 4,300 5,200 
Over 139 hp 1/ 9,100 10,800 11,800 15,400 
Total over 99 hp 14,300 15,900 16,100 20,600 22,800 20,100 15,600 19,100 -22 22 
Four-wheel -drive 2,000 1,700 2,700 4,100 5,100 4,100 2,700 3,000 -35 11 
All farm wheel tractors 47,100 48,400 51,700 59,700 66,300 58,100 52,800 56,900 -9 8 
Grain and forage 
harvesting equipment: 
Self-propelled combines 6,000 9,100 10,400 9,700 7,700 8,200 -21 6 


7,700 7,200 
Forage harvesters 1/2/ 2,300 2,400 2,800 
Haying equipment: 

Mower conditions 1/ 
1/ Discontinued after 1989. 2/ Shear bar type. 
P-preliminary. F-ERS forecast. 


Source: Equipment Manufacturers Institute (EMI). 
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than the smaller (40-100 horsepower) category. The re- 
verse occurs when overall tractor sales are down. Propor- 
tionately fewer large tractors are sold when total sales de- 
cline. Demand factors appear to be favorable for increased 
purchases of tractors and farm machinery in coming 
months and purchases in the larger horsepower categories 
will probably increase proportionately more. 


Combine sales also were up January through August 1993, 
compared to last year, but did not reach the higher sales of 
1991 (figure 4). Sales through August totaled 4,083 units 
compared to 3,547 units in 1992 and 5,875 units in 1991. 
Combine sales are expected to increase by 6 percent by the 
end of 1993. 


Farm Economy 


Several farm sector economic factors started to improve in 
1992 and the trends appear to be continuing in 1993. 
They affect the demand for farm machinery and are ex- 
pected to encourage increased capital investment in com- 
ing months. Nominal and real interest rates were the low- 
est in several years. The value of farm assets was up. 
Farm debt was down $500 million from 1991. Farm eq- 
uity increased, which improved farmers’ ability to borrow. 
In addition, farm income was up in 1992 due to bumper 
grain crops. All of these factors encouraged increased in- 
vestment in farm machinery. Some factors are lagged; 
that is, the effect of higher incomes, for example, may not 
have the effect of increasing capital investment until sev- 
eral months later. 


Not all economic indicators favor increased purchases. 
Farm machinery prices rose significantly the first 7 months 
of 1993. Also some commodity prices, such as wheat, rice 


and sorghum, have fallen the last several months, affecting 
farmers raising those crops. 


Figure 4 
Combine Sales 
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Self-propelled combines 
Source: Equipment Manufacturers Institute. 
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Floods in the Midwest will have a mixed effect. To the ex- 
tent that farmers can afford to replace equipment damaged 
by water, demand will increase. However, many farmers 
who lost crops, and consequently, income, will have to put 
off replacing damaged equipment and try to survive by 
renting or borrowing until their situation improves. 


Farmers not affected by floods may have late harvests, de- 
laying planned machinery purchases. Rain and cool 
weather have delayed the ripening of many crops, causing 
some to be damaged by early frosts. Some parts of the 
country, especially the Southeast, suffered from drought 
that will likely dampen farm machinery purchases in those 
areas. 


Another factor that will affect the environment, and possi- 
bly prices of farm machinery, is the new EPA regulation to 
limit exhaust emissions (1). The rules will eventually af- 
fect all engines SO horsepower and higher. The regulation 
goes into effect in 1996 for engines 175-750 horsepower 
(HP), 1997 for 100-175 HP, 1998 for 50-100 HP, and the 
year 2000 for engines over 750 HP. The EPA proposes to 
limit nitrogen oxides emissions to 9.2 grams per kilowatt- 
hour and estimates that modifications to meet that standard 
would cost about $170 per engine. At present, the stand- 
ard only applies to nitrogen oxides, but standards may be 
set for hydrocarbon emissions once a suitable hydrocarbon 
testing procedure is developed. 


Factors Affecting Sales 


Demand for farm machinery is the result of a combination 
of many factors. Farm income, total value of farm assets, 
debt, interest rates, number of acres cropped, the age of 
machinery on farms, and many other factors play a part in 
shaping the demand for farm machinery. 


Interest Rates 


Lower interest rates have a positive effect on farm machin- 
ery investments. The real (adjusted for inflation) prime 
rate was 3.7 percent in 1992 (table 21). By the second 
quarter 1993, it had fallen to 3.4 percent. The prime rate 
correlates with changes in the nominal machinery loan 
rate, which has decreased every year since 1989. Farm ma- 
chinery and equipment loan rates were down to 9.3 percent 
(6.7 percent real rate). While the real rate reflects the ac- 
tual cost of borrowing, the nominal rate probably has a 
more direct effect on machinery purchases because it is 
more obvious to farmers. Interest rates are negatively cor- 
related with purchases of farm machinery. As interest 
rates fall, the total cost of machinery bought on credit de- 
creases, facilitating increased purchases. 


Cash Receipts, Expenses, and Income 


Cash receipts were up in 1992 to $171 billion. Cash re- 
ceipts are a combination of crop and livestock sales. Crop 
sales were up 3.7 percent from 1991, to $85 billion, an all- 
time high. Cash receipts were dampened somewhat by a 
decrease in livestock receipts from $86.8 to $86 billion 
from 1991 to 1992. 
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Table 21--Trends in U.S. farm investment expenditures and factors affecting farm investment demand 


Item 1988 1989 1990 1991 1992P 1993F 
$ billion 
Capital expenditures: 
Tractors 2.54 2.90 SaZ 2.59 2.8 20/-3.1 
Other farm machinery 4.22 5.09 5.59 5.41 5.1 §.1-5.4 
Total 6.76 7.99 8.71 8.00 7.9 7.8-8.5 
Tractor and machinery repairs 4.02 5.41 4.37 4.48 4.2 4.2-4.6 
Trucks and autos 2.36 2.58 2.62 2.39 2.3 2.3-2.5 
Farm buildings 1/ 2.39 2.53 2.80 2.75 2.4 2.3-2.7 
Factors affecting demand: 
Interest expenses 14.3 13.8 13.3 ie it 10-14 
Total production expenses 137.0 144.0 149.9 150.3 149 150-152 
Farm business assets: 
Real estate assets 2/ 595.5 615.7 628.2 623.2 633.1 640-650 
Nonreal estate assets 2/ 205.6 214.1 220.2 220.7 228.1 225-235 
Farm business debt 2/ 3/ 139.4 137.2 136.8 138.8 138.3 137-143 
Agricultural exports 4/ 35.4 39.6 40.1 SB e5) 42.3 42.5 
Cash receipts 151.2 161.2 170.0 168.7 171 170-177 
Net farm income 38.8 46.9 46.5 40.0 48 43-50 
Net cash income 54.5 54.7 55.9 53.3 57 58-67 
Direct government payments 14.5 10.9 9.3 8.2 9 iboats 
Million acres 
Idled acres 5/ Tide 60.8 61.6 64.5 54.9 56 
Percent 
Real prime rate 6/ 7/ 8/ 5.4 6.5 Sa, 4.4 lod 3.4 
Nominal farm machinery and 
equipment loan rate 7/ 8/ ioe, ZG, 12.3 L133 9.3 8.6 
Real farm machinery and 
equipment loan rate 6/ 8/ 8.4 8.4 8.0 at? 6.7 6.0 
Debt-asset ratio 9/ 17.4 16.5 16.1 16.4 16.1 15-17 


2/ Calculated using nominal dollar balance sheet 
4/ Fiscal year. 5/ Includes 


1/ Includes service buildings structures, and land improvements. 
data, excluding farm households, for December 31 of each year. 3/ Excludes CCC loans. 
acres idled through commodity programs and acres enrolled in the Conservation Reserve Program. 6/ Deflated by the 
GDP deflator. 7/ Average annual interest rate. From the quarterly sample survey of commercial banks: Agricultural 
Financial Databook, Board of Governors of the Federal Reserve System. 8/ 2nd quarter 1993. 9/ Outstanding farm debt 
divided by the sum of farm real and nonreal estate asset values. 

P-preliminary. F-forecast. 


Source: Agricultural Income and Finance, Situation and Outlook Reports, and other ERS sources. 


tor, is derived from total assets, minus debt. Total farm eq- 
uity increased in 1992. Increased equity implies more col- 
lateral to finance farm machinery loans. 


Total expenses were nearly unchanged from 1990 to 1992, 
at about $150 billion per year. Decreases in total interest 
expenses were balanced by increases in other production 
expenses, such as pesticides. Marketing, storage, and trans- 
portation expenses were also up slightly in 1991, and 

again in 1992. 


Balance sheet components are now reported by the Eco- 
nomic Research Service (ERS) on a "farm business" basis 
(2). ERS used to report two versions of assets and debt, 


Net farm income, the difference between gross cash in- 
come and total expenses, was up significantly from $40 to 
$48 billion from 1991 to 1992. Higher farm income typi- 
cally has a positive effect on farm machinery purchases, al- 
though the effect may be lagged several months. 


Farm Assets, Debt, Equity, the Debt-Asset Ratio 


Business equity was about $723 billion in 1992. Assets 
are composed of both real estate and non-real estate items, 
including livestock and machinery. Total assets are fore- 
cast to increase again in 1993 due largely to a substantial 
expected increase in real estate values. 


Farm business debt dropped $500 million from 1991 to 
1992. Lower debt improves farmers’ borrowing position 
with lenders. Farm equity, the net worth of the farm sec- 
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"including" and "excluding" households. The series that 
excluded households was similar to the new farm business 
series on assets and debts. The including households se- 
ries used to be shown here because lenders look at a 
farmer’s total assets and debt when considering loan appli- 
cations. The growth in importance of off-farm income has 
made it more difficult to separate farm household accounts 
between farm and nonfarm activities and prompted the 
shift to the farm business series. Since the including and 
excluding households accounts closely paralleled each 
other, the new business series would likely make little dif- 
ference when used as a demand factor for farm machinery 
investments. 


A common indicator of the economic health of the farm 
sector is the debt-asset ratio. The lower the debt-asset ra- 
tio, the more favorable the borrowing position of farmers. 
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The ratio was 16.1 in 1992 and is expected to hold steady 
in 1993. This is the lowest debt-asset ratio since the early 
1960's. 

Prices 

Farm machinery and equipment prices rose in 1992 and 
again in 1993 (table 22). The July 1993 prices-paid index 
(1977=100) for tractors was 223, 6 points above July 
1992. Prices for other machinery and trucks rose 9 and 
13 points, respectively. However, the price index for all 
production items rose only 3 points, primarily due to de- 
clines in prices of fertilizer, fuels, and interest rates. In- 
creases in farm machinery prices have a dampening effect 
on demand. While prices paid for farm machinery in- 
creased 13 points, the July 1992-93 prices-received index 
for all farm products rose only 2 points, from 138 to 140 
(1977=100). 


Commodity Exports 


Another factor that affects purchases of farm machinery is 
commodity exports. Commodity exports were $42.3 bil- 
lion in 1992, up $4.8 billion from 1991. The 1993 forecast 
is up Slightly at $42.5 billion. At that level, commodity ex- 
ports would be the highest in the last 5 years. Wheat, 
feedgrains, and oilseeds, compose the major portion of 
commodity exports. The upward trend in commodity ex- 
ports is expected to favor increased investment in farm 
machinery. 


Machinery Purchases and Depreciation 


Depreciation of farm machinery has exceeded capital ex- 
penditures every year since 1980 in the United States. 

This phenomenon is known as capital depletion and was 
most pronounced in the mid 1980’s. In 1985 real deprecia- 
tion reached $8.5 billion and real capital expenditures were 
$4.2 billion, a gap of $4.3 billion (figure 5). The gap nar- 
rowed to $.7 billion in 1990 and then increased again to 
$1.3 billion in 1992. 


Table 22--Prices paid for trucks, tractors, 
and other farm machinery 


Production 


items, 

Trucks Tractors and interest, 

and self-propelled Other taxes, & 

Year autos machinery machinery wage rates 

1977 = 100 

1980 123 136 132 139 
1981 143 152 146 oe 
1982 159 165 160 158 
1983 170 174 171 159 
1984 182 181 180 161 
1985 193 178 183 156 
1986 198 174 182 150 
1987 208 174 185 152 
1988 215 181 197 160 
1989 223 193 208 167 
1990 231 202 216 172 
1991 244 211 226 175 
1992 July 262 Zh 234 177 
1993 July 275 223 245 180 
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Capital depletion in agriculture is probably the result of 
several factors. Tillage practices are changing from con- 
ventional operations, consisting of many passes over the 
fields, to conservation tillage or no-till to help conserve 
soil. Federal law requires farmers to have conservation 
plans operational by 1995. Many farmers already have 
fully operational plans. Conservation tillage and no-till re- 
quire the soil to be tilled less often. Fewer trips over the 
fields results in fewer hours of equipment use which 
means equipment lasts longer (it is the hours of use, not 
age, that wears out machinery). With rising machinery 
and equipment prices, some farmers welcome tillage prac- 
tices that make machinery last longer. 


Farming in the late 1970’s was profitable, which encour- 
aged farmers to buy tractors and machinery, sometimes 
more and larger units than needed. When farm income de- 
clined in the early 1980’s, farmers bought less machinery, 
but the farming sector remained highly productive by keep- 
ing old machinery in repair and using the extra capacity 
built up during the late 1970’s. Although delaying expendi- 
tures on farm machinery can incur higher repair costs, ° 
there is usually a range of time when the difference in cost 
between keeping an old machine and buying a new one is 
small. 


Eventually, capital investment should equal or surpass de- 
preciation. Capital depletion can not continue indefinitely, 
however, no one knows when capital expenditures will ex- 
ceed depreciation. Capital expenditures seemed to be 
catching up with depreciation in the late 1980’s, but tumed 
down again in 1991. As more farmers invest in the special- 
ized machinery needed to comply with the 1995 farm 
plans required by Federal conservation regulations, per- 
haps capital expenditures will again exceed depreciation. 
This may have started with increased capital expenditures 
in the first seven months of 1993. 


Figure 5 
Machinery Capital Expenditures and Depreciation 
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Capacity Utilization 


The farm machinery industry plant capacity was 66 per- 
cent for both 1989 and 1990 (table 23). While the indus- 
try was not operating near full capacity, 66 percent is 

much higher than the 24 percent capacity rate in 1986. 

The low in 1986 followed several years of low demand for 
farm machinery and high inventories. These percentage ca- 
pacity rates are for the fourth quarter of each year, which 

is traditionally a slack period of farm machinery produc- 
tion, and therefore may be below the yearly averages. 


Capacity rates may be misleading from another aspect. To- 
tal, or full production capacity has decreased over the past 
decade as firms in the industry have cut back, consoli- 
dated, and combined in response to low demand. The 
same capacity utilization rate in the 1970’s would have 
meant more production since full production capacity for 
the industry was higher. Actually, capacity utilization in 
the 1970’s was also higher, 83-85 percent throughout the 
1970’s as the farm machinery industry responded to high 
demand caused by high farm incomes, large exports, and 
high real estate asset values (3). 


Farm Machinery Trade 


Tractors, combines, livestock equipment, other farm ma- 
chinery, and component parts are exported from the United 


Table 23--Plant capacity, farm machinery and 
equipment industry (fourth quarter) 


Capacity 
utilization 
Year rates 1/ 
Percent 
1980 62 
1981 48 
1982 31 
1983 38 
1984 41 
1985 37 
1986 24 
1987 43 
1988 54 
1989 66 
1990 66 


1/ For 1989 and 1990, percent of full production. 
For 1988 and earlier, percent of "practical capacity.” 
U.S. Bureau of the Census. Survey of Plant 
Capacity. MQ-C1(90)-1, 1992 


Source: 
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States all over the world. Tractors accounted for over one- 
half of all U.S. imports of farm machinery (table 24). 


Total U.S. exports of farm machinery was estimated at 
$3.2 billion in 1992, according to the U.S. Department of 


Table 24 --Farm machinery exports and imports.1/ 


Item 1991 1992 1992 81993 
Million dollars 

Exports: 
Total 1,556 1,706 1,059 1,188 
Tractors 2/ 

Tractors, 40-100 HP 12 18 11 13 

Tractors, over 100 HP 335 355 244 269 

Tractors, used 84 76 51 48 

Other misc. tractors 65 81 42 59 
Combines and harvesters 279 283 178 213 
Balers 59 65 42 41 
Mowers 46 47 36 38 
Haying equipment 23 23 16 28 
Plows 3/ 11 10 6 7 
Disk harrows 5 6 4 6 
Cultivators and tillers 52 67 41 58 
Spraying equipment 22 24 14 13 
Seeders and planters 29 34 23 31 
Fertilizing equipment 22 22 14 16 
Cleaning and grading equip 14 19 10 7 
Livestock: equipment 320 383 225 234 
Parts and components 177 190 103 111 
Imports: 
Total 1,606 1,633 1,005 1,070 
Tractors 2/ 

Tractors, 40-100 HP 547 569 353 344 

Tractors, over 100 HP 172 188 99 78 

Tractors, used 46 38 24 33 

Other misc. tractors 251 241 144 190 
Combines and harvesters 57 54 37 42 
Balers 8 6 4 4 
Mowers 60 60 43 43 
Haying equipment 14 7 5 9 
Plows 3/ 20 11 7 7 
Disk harrows 33 24 12 11 
Cultivators and tillers 44 38 24 30 
Spraying equipment 32 38 29 26 
Seeders and planters 19 26 14 32 
Fertilizing equipment 14 15 9 10 
Cleaning and grading equip 6 4 3 8 
Livestock equipment 82 90 51 63 
Parts and components 200 224 147 138 


1/ Some items may not be comparable to previous data due 
to reclassification. 

2/ Excludes crawler tractors. 

3/ Includes moldboard, disk and other plows. 

Source: Official statistics of the U.S. Department of 
Commerce. 
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Table 25--U.S. farm machinery trade situation, 1986-92 


Ship- 
Year ments Exports Imports 
SON Tia ala $ billion : 

1989 10.4 2.9 2.3 

1990 11.5 3.2 2.6 

1991 11.2 3.0 2.0 

1992E 9.9 3.2 1.9 

1993F 10.0 3.3 1.8 
LRM < °  - ! 


Ship- Domestic 

Trade Domestic ments supply 

surplus supply exported imported 
- 2 ee 6 es S| ogee - - - Percent - = 
0.6 9.8 28 23 
0.6 10.9 27 23 
1.1 10.1 27 19 
1.3 8.6 32 22 
1.5 8.5 33 22 


Source: U.S. Industrial Outlook 1993, International Trade Administration. 


Commerce (USDC), up 6.2 percent from 1991 (table 25). 
The biggest trading partner for both imports and exports is 
Canada. Major export markets included Mexico, Saudi 
Arabia, Spain, France, and Japan. More than one-fourth of 
the machinery manufactured in the U.S. is exported (4). 
Exports, as a percent of U.S. shipments, have been increas- 


ing since 1989 and are forecast to reach 33 percent in 1993. 


Farm machinery imports have declined since 1991. Im- 
ports for 1992 were $1.9 billion, a decline of 4.1 percent 
from 1991. More than 60 percent of U.S. farm machinery 
imports are tractors and parts, mostly for below-100-horse- 
power tractors according to USDC. Major suppliers of im- 
ports were Canada, Mexico, Germany, Italy, the United 
Kingdom, and Japan. Imports, as a percent of domestic 
supply, have held at 22-23 percent from 1989 to 1992, dip- 
ping to 19 percent in 1991. 


The trade surplus in farm machinery was $1.1 billion in 


1991. In 1992 it was about $1.3 billion. Exports of farm 
machinery have exceeded imports for the last 4 years. The 
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outlook for 1993 is for another increase in exports to about 
$3.3 billion and a slight decrease in imports to about $1.8 
billion, for a trade surplus of $1.5 billion. 
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Seeds 


Seed Consumption Unchanged, but Prices-paid 


Index Rose in 1993 


In the 1992/93 crop year, seed use for eight major crops remained 
unchanged from the previous year. The prices-paid index, on the other 


hand, rose 4 percent in 1993. 








Consumption 


In the 1992/93 crop year, total seed use for eight major 
crops was 5.9 million tons, very close to the previous 
year’s seed consumption of 6 million tons (table 26). In 
1993, soybean and wheat planted acreage remained largely 
unchanged and the increased barley, oats, and cotton 
planted acreage was offset by the decreased corn, sorghum, 
and rice planted acreage. As a result, total seed consump- 


Table 26--Seed use for major U.S. field crops 1/ 


tion for eight major crops did not change much from a 
year earlier. 


Planted acreage is the major factor which affects the vari- 
ation in seed use. Seeding rates per acre, which change 
very slowly over time, are also an important determinant 
of seed consumption. 


Prices 


In 1993, all field seed prices paid by farmers, except rice 
seed, were higher than those of the previous year. As a re- 
sult, USDA’s price-paid index for all seeds rose to 169 in 


1992/ 1991/92- ; ; 3 
Crops 1989/90 1990/91 1991/92 93 2/ _—_ 1992/93 1993 from 165 in 1992. Rice seed price, however, fell 7 
sic icis Op gn Maisto Sider = ene an nm Serle ete e ogre see are een = percent from last year (table 27). The lower rice seed 
SSRARSAL SS 1,000 tons--------- % change price in the U.S. is due to lower world market prices, 
Corn 529 540 566 524 -7 which, in turn, is due to large rice stocks in the interna- 
Sorghum 36 39 48 39 -18 tional market. 
Soybeans 1,664 1,701 1,700 1,705 0 
Barle 324 350 310 317 2 , ‘ 
Cite 374 306 285 288 1 Forage seed prices in 1993 rose compared to 1992. In 
Wheat 3,009 2,709 2,811 2,778 -1 1993, an additional, 1.1 million cropland acres are likely to 
Rice 180 195 190 180 ao be enrolled in Conservation Reserve Program (CRP), an in- 
Cotton 3/ 94 108 102 106 4 . 3 
crease of 10 percent from the previous year. Higher CRP- 
Total 6,210 5,948 6,012 5,937 -1 related grass demand and lower seed stocks contributed to 
1/ Crop marketing year. 2/. Preliminary. 3/ Upland higher forage seed prices. For example, red clover, tall fes- 
cotton. cue, orchard grass, annual ryegrass, timothy, and alfalfa 
Table 27--April farm planting seed prices 1/ 
Change 
Item Unit 1990 1991 1992 1993 92-93 
% 
Field seeds: 
Corn 2/ 69.90 70.20 71.80 72.70 1 
Grain sorghum $/cwt. 69.90 71.20 72.30 74.50 3 
Oats $/bu. 4.19 Sail 4.26 4.86 14 
Barley $/bu. 5.25 4.55 5.10 6.29 23 
Wheat (spring) $/bu. 6.05 4.72 6.06 7.66 26 
Wheat (winter) $/bu. 8.01 6.89 7.41 8.19 11 
Soybeans $/bu. 12.50 12.80 12.40 12.60 2 
Cotton $/cwt. 54.30 58.20 59.70 62.70 5 
Potatoes $/cwt. 11.00 9.70 6.95 8.60 24 
Rice $/bu. 14.40 16.50 15.40 -7 
Forage seeds: 
Red clover $/cwt. 145.00 134.00 122.00 148.00 21 
Fescue, tall 3/ $/cwt. 85.10 89.00 67.80 87.00 28 
Orchardgrass $/cwt. 102.00 101.00 100.00 122.00 22 
Ryegrass, annual $/cwt. 50.50 46.80 43.80 56.70 29 
Timothy $/cwt. 82.10 66.40 66.30 80.60 22 
Lespedeza, sericea $/cwt. 134.00 101.00 92.80 89.70 -3 
Alfalfa, proprietry $/cwt. 253.00 266.00 252.00 269.00 7 
Seed price paid index 
(1977-100) 163 163 162 169 4 
1/ Derived from the April survey of farm supply dealers conducted by 
NASS, USDA. 2/ $/80,000 kernels. 3/ Alta and Kentucky 31. 
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prices rose 21, 28, 29, 22, and 7 percent, respectively (ta- 
ble 27). 


Expenditures 


In 1992, total farm seed expenditures was 4.9 billion dol- 
lars, up 12 percent from 1991 expenditures of 4.4 billion 
dollars. This was because field-crops and small grain seed 
expenditures rose 26 percent due to sharp increases in their 
prices (table 28). Increased planted acreage in 1992 also 
contributed to the higher total farm seed expenditures. In 
1993, prices of all field-crop and small grain seed, which 
constitute the major component of total seed expenditures, 
have increased sharply. As a result, farm seed expendi- 
tures in 1993 are likely to be higher than 1992. 


Fall Potato Seeding Rates and Seeding 
-Cost Per Acre in 1992 


In 1992, 11 predominantly fall potato growing States 
planted 80 percent of the total fall potato acreage. The av- 
erage seeding rate in 1992 was 20 cwt per acre, the same 
as for the 2 previous years. However, potato seeding rates 
among surveyed states vary widely because of moisture 
conditions. States such as Maine and New York, where 
moisture is available due to adequate rainfall, support 
higher seeding rates. In Colorado, Oregon, and Washing- 
ton, seeding rates are also higher because potatoes are 
grown on irrigated land. States with less moisture, on the 
other hand, tend to have much lower seeding rates. For ex- 
ample, North Dakota and Minnesota producers, in 1992, 
had an average seeding rate of 16 and 17 cwt per acre, re- 
spectively (table 29). 


Seeding rates and seed prices are the major determinants 
of seed cost. In 1992, the average cost per acre was $141, 
down 24 percent from a year earlier due primarily to a de- 
cline of 28 percent in price. Among surveyed States, per 
acre cost ranged from $84 for North Dakota to $251 for 
New York, due to differences in seed potato prices and 
seeding rates per acre. Average seed cost per acre in 1993 
is likely to rise because of higher prices. 


Table 28--U.S.farm expenditures for seeds 1/ 


Change 
Item 1988 1989 1990 1991 1992 2/ 91-92 
Billion $ % 


Field crops and 

small grains O4AG 02.770 2.61) 2840 e ono! 26 
Legumes, grasses, 

and forages 0.34 0.34 0.33 0.28 0.33 18 


Seeds and plants 
for other crops j078 0.67. °0.08 1.17 0.84 -28 


Other seed 
expenses 3/ 0.09 0.08 0.05 0.08 0.14 75 
Total seed 
expenditures 3.69 3.86 3.93 4.37 4.88 12 


1/ Excludes bedding plants, nursery stocks, and seed 
purchased for resale. 

2/ Unpublished survey indications. 

3/ Includes seed treatment. 


Source: U.S. Department of Agriculture, NASS. 
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Potato growers used purchased seed potatoes on 86 percent 
of the 1992 fall potato crop. However, in Colorado, grow- 
ers used homegrown seed potato on half of the potato acre- 
age. Colorado producers grew a large share of their own 
seed, which is typically one or two generations away from 
certified seed. 


Winter Wheat Seeding Rates and Seed 
Cost Per Acre in 1993 


The average winter wheat seeding rate was 72 pounds per 
acre in 1993, 1 pound less than 1992. The average seed- 
ing cost per acre was $8.25, slightly lower than 1992 be- 
cause of the lower seeding rate (table 30). 


Table 29--Fall potato seeding rates, seed cost per acre, 
and percent purchased, 1992 1/ 


Acres 

Rate Cost with 

Acres per per purchased 

States planted 2/ acre acre 3/ seed 
1,000 Cwt $ % 

Colorado 67 25 178 52 
Idaho 380 21 121 90 
Maine 81 22 186 71 
Michigan 37 20 175 88 
Minnesota 71 17 115 76 
New York 4/ 21 25 251 74 
North Dakota 145 16 84 94 
Oregon 45 22 177 90 
Pennsylvania 20 20 237 95 
Washington 125 22 191 99 
wisconsin 66 20 133 84 
1992 Average 1,058 20 141 86 
1991 Average 1,116 20 186 85 
1990 Average 1,087 20 224 85 


1/ States in survey planted 80 percent of the fall 
potato acreage in 1992. 2/ Preliminary. 3/ Based on 
data from those farmers who used purchased seed. 4/ Exc- 
ludes Long Island. 


Table 30--Winter wheat seeding rates, seed cost per acre, 
and percent of seed purchased, 1993 1/ 


Acres 

Rate Cost with 

per per purchased 

States Acres acre acre 2/ seed 
1,000 lbs $ % 

Colorado 2,550 48 4.16 41 
Idaho 850 94 12.68 70 
Illinois 1,550 107 15.62 61 
Kansas 11,300 62 6.32 28 
Missouri 1,400 117 14.25 51 
Montana 2,500 58 5.58 33 
Nebraska 2,100 64 5.42 28 
Ohio 1,000 134 20.18 63 
Oklahoma 5,500 75 6.09 33 
Oregon 860 75 10.16 69 
South Dakota 1,400 71 5.93 35 
Texas 3,700 76 7.19 38 
Washington 2,500 65 7.45 81 
1993 average 37,210 72 8.25 40 


1/ Preliminary. 
U.S. winter wheat acres in 1993. 2/ Based on data from 
those farmers who used purchased seed. 
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Seeding rates and costs per acre vary widely among 13 sur- 
veyed States. Ohio, Illinois, Missouri, and Idaho had 
higher seeding costs because of higher rates. Among these 
States Ohio had the highest seeding cost, $20.18 per acre, 
because of the highest seeding rate of 134 pounds per acre. 
Colorado, on the other hand, had the lowest seeding cost, 
$4.16 per,acre due to the lowest seeding rate of 48 pounds 
per acre. 


Farmers used purchased seed on an average of 40 percent 
of the 1993 winter wheat acreage, which was close to the 
1992 average of 39 percent. Washington showed the high- 
est (81 percent) and Nebraska the lowest (28 percent). Lo- 
cal economic situations, prices, and yield of purchased 

seed apparently account for much of the regional variations. 


U.S. Corn Seed Exports 
The volume of U.S. field corn seed exported to 12 leading 


importers fell to 71,947 metric tons, a 12-percent decline 
from 1991. These countries accounted for 92 percent of 
U.S. total corn seed exports in 1992 (table 31). Although 
exports to Canada, Mexico, France, Italy, and Spain rose 8, 
57, 27, 10, and 37 percent respectively, sharp declines in 
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exports to Germany, Netherlands, Greece, and Former So- 
viet Union (FSU) more than offset these increases. As a re- 
sult, U.S. corn seed exports to all countries fell 16 percent 
in 1992. 


In 1993, the volume of U.S. corn seed exports to major im- 
porters rose to 32,226 metric tons in the first 6 months, an 
increase of 5 percent over the corresponding period in 

1992 (table 31). Although exports to FSU, Romania, 
Spain, and Italy declined in the first half of 1993 over the 
corresponding 1992 period, these declines were offset by 
the increased shipments to Canada, Mexico, Germany, and 
France. 


U.S. Corn Seed Imports 


In 1992, Canada, Argentina, Chile, and Hungary, the major 
suppliers of corn seed imports, supplied 26,015 metric tons 
of corn seed--a 150-percent increase over a year ago. This 
sharp increase was attributable to large shipments of off- 
season production from Argentina and Chile to satisfy 
greater planted corn acreage in 1992 (table 32). These 
countries together accounted for 97 percent of total U.S. 


Table 31--U.S. exports of corn seed by volume 


Country 1990 1991 1992 
---Metric tons--- 

Canada 4,076 7,561 8,192 
Mexico 10,329 7,963 12,472 
France 9,666 10,953 13,859 
Germany 1,796 8,822 1,670 
Spain 4,132 2,076 2,853 
Italy 20,889 21,773 23,955 
Netherlands 2,437 10,354 2,791 
Greece 1,828 4,072 3,263 
Romania 1,050 2,532 191 
USSR 2,459 3,569 353 
Turkey 59 171 388 
Japan 1,431 1,491 1,960 
Subtotal 60,152 81,337 71,947 
Total all 

countries 70,366 93,722 78,509 


Change Change 
91-92 1992 1993 92-93 
% --Metric tons-- % 


8 5,768 6,737 17 
57 5,760 7,908 37 
27 «62,408 3,860 60 

-81 979 1,606 64 
37s 1,821 961 -47 
10 9,809 7,303 -26 

-73 247 135 = -45 

-20 2,163 2,158 0 

-92 191 126 = -34 

-90 353 0 

127 388 689 78 
31 757 743 Ee 

-12 30,644 32,226 5 


‘ 
- 
So 
So 


-16 84,234 54,937 -35 


Source: U.S. Department of Commerce, Bureau of the 
Census, Foreign Trade Division. 


Table 32--U.S. imports of corn seed by volume 


Change Change 
91-92 1992 1993 92-93 


Country 1990 1991 1992 
---Metric tons--- 
Canada 8,010 6,857 6,674 
Argentina 511 138 4,821 
Chile 4,509 3,406 14,129 
Hungary 881 0 391 
Subtotal 13,911 10.401 26,015 
Total all 
countries 13,996 10,978 26,809 


--Metric tons-- % 


-3 1,981 4,455 56 


3393 4,804 3,787 -27 ' 


315 13,496 8,149 -66 
na 391 Vile le9 
150 20,672 16,562 -25 


144 21,387 18,952 -13 


na = Not applicable 


Source: U.S. Department of Commerce, Bureau of the 
Census, Foreign Trade Division. 
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corn seed imports in 1992. However, these imports consti- 
tuted only a small part of total U.S. seed consumption. 


The volume of corn seed imports from these countries, in 
the first 6 months of 1993, was 16,562 metric tons, a 25- 
percent decline compared with the corresponding period of 
1992. Corn seed imports declined because of plentiful do- 


mestic seed supplies. 
Soybean Seed Exports 


The volume of soybean seed exports to our major trading 
partners declined for a second year. Soybean seed exports 
to 6 leading trading partners: Italy, France, Japan, Mexico, 


Total Exports 


Turkey, and Canada fell 19 percent in 1991 and 9 percent 


in 1992 (table 33). 


The volume of soybean seed exports was 52,677 metric 


Mexico, Italy, Canada, Japan, Saudi Arabia, France, and 


compared with the corresponding period in 1992. At the 
same time, total exports to all countries also declined 21 
percent (table 33). U.S. soybean seed exports to Canada, 
France, and Japan increased in the first 6 months of 1993, 
compared with the same period of 1992. These gains, 
however, were overshadowed by a sharp decline in exports 
to Mexico and Italy. 


In 1992, the value of total U.S. seed exports fell to $669 
million, a decrease over 1991 of less than 1 percent. This 
decline primarily reflected decreases in corn and soybeans, 
two of the major export commodities (table 34). 


Netherlands were the top markets for U.S. planting seed in 


tons, a 21-percent decline in the first 6 months of 1993, 


Table 33--U.S. exports of soybean 


seed by volume 


1992. These countries together accounted for 71 percent 


hange 
92-93 


-21 


Change 

Country 1990 1991 1992 91-92 
---Metric tons--- % 

Canada 449 425 1,178 177 
Mexico 36,731 4,827 32,674 577 
France 4,827 4,272 603 -86 
Italy 55,937 65,571 34,500 -47 
Turkey 2,835 1,838 7 -100 
Japan 2,325 6,947 7,341 6 
Subtotal 103,104 83,880 76,303 -9 
Total all 
countries 106,991 91,004 83,585 -8 


Source: U.S. Department of Commerce, Bureau of the Census. 
Foreign Trade Division. 


Table 34--U.S. exports and imports of seed for planting 


1989 


Exports: 
Forage 
Vegetable 
Fl ower 
Corn 1/ 
Grain sorghum 
Soybean 
Tree/shrub 
Sugarbeet 
Other 

Total 


Imports: 
Forage 
Vegetable 
Flower 
Corn 2/ 
Tree/shrub 
Other 

Total 


Trade balance 


1/ Not sweet, not food aid. 


1990 1991 
Sacin= $ million 
104 101 
176 220 
13 14 
138 181 
27 28 
45 41 

2 2 

2 3 

81 82 
588 672 
35 30 
60 79 
23 24 
18 15 

2 2 

9 14 
147 164 
441 508 


C 
1992 1993 
---Metric tons--- 
1,178 4,108 
31,670 18,502 
584 2,325 
32,087 25,393 
7 14 
1,083 2,335 
66,609 52,677 
72,808 57,654 
Change 
1992 91-92 
-e--- % 
114 13 
221 0.5 
19 36 
177 -2 
34 21 
30 -27 
3 50 
3) 0 
68 -17 
669 -0.4 
45 50 
82 4 
27 3 
35 133 
2 0 
10 -29 
201 23 
468 -8 


Source: U.S. Department of Commerce, Bureau of the 


Census, Foreign Trade Division. 
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of the total export value (table 35). Mexico, with 18 per- 13, and 133 percent increase in forage, vegetable, flower, 
cent of total seed export value, led the market followed by and corn seed import values, respectively. As a result, 
Italy with 15 percent. Italy, however, was the leader in U.S. net seed trade balance in 1992 declined 8 percent to 
1991. Third position was held by Canada with 11 percent $468 million from 1991 (table 34). 


Saudi i fourth with 8 percent. i 
and Saudi Arabia was fourth with 8 pe: Canada continued to be the leading U.S. seed for planting 


On regional basis, North and Central America, Western supplier with 25 percent of total seed import value in 1992 

Europe, and Asia typically account about 90 percent of to- (table 36). Chile, with 17 percent of total seed import 

tal seed export value. In 1992, it was 89 percent (table 35). value, held second position in 1992, and Netherlands was 
third with 9 percent, followed by Japan with 6 percent. 


Total Imports 


In 1992, the value of total seed imports rose 23 percent 
compared to 1991. This increase largely reflected 50, 4, 


Table 35--U.S. exports of seeds for planting; region and Table 36--U.S. imports of seeds for planting; region and 
country share by value 1/ country share by value 1/ 
Region/country 1988 =81989 81990 1991 1992 Region/country 1988 1989 1990 1991 1992 
North and Central North and Central 
America: America: 
Canada 8.3 6.2 10.2 9.9 eS Canada 30.4 27.0 26.1 24.9 25.4 
Mexico 12.6 25.4 14.4 1320 17.8 Mexico Ze 3.0 3.4 3.8 sae 
Others 2.1 1.8 1.8 15) 1.6 Guatemala 2.4 Ze Qo 2.5 3.8 
Total 23.0 33.4 26.3 24.4 30.7 Costa Rica 0.7 0.9 163 Onl 0.1 

South America: Others 0.1 0.0 0.0 0.1 0.0 
Brazil 1.2 0.6 0.5 0.5 0.5 Total 35.8 33.2 33.4 31.4 32.6 
Argentina 3.0 2.0 7, 1.4 3.0 South America: 

Chile 0.8 0.6 0.6 0.6 0.6 Chile 6.8 se) 11.2 LOR 17.2 

Colombia 1.1 0.6 0.5 0.6 0.6 Argentina 0.7 4.0 1.0 0. 3.6 

Venezuela 3.3 0.6 0.4 0.6 0.4 Others 0.8 0.4 0.1 0. 0.4 

Others 1.5 1.4 0.5 0.5 0.5 Total 8.3 er 2e3 ie 21.2 
Total 10.8 5.9 4.3 4.1 5.6 Western Europe: 

Western Europe: Denmark 1.9 1.5 1.4 1.2 ed 
United Kingdom 2.9 2.6 1.9 ed, 1.7 United Kingdom 0.6 0.5 0.8 0.5 0.4 
Nether] ands 4.4 4.2 4.9 6.0 4.4 Netherlands 9.2 8.9 9.3 10.7 8.7 
France 4.5 Si Tea 7.1 6.3 France 1.0 ihad! 1.4 1.8 1.7 
Germany 1.4 1.3 Ley 3.0 1.9 Germany Ze 1.8 1.6 Ce 2.0 
Spain 4.4 2.9 3.4 2.5 2.4 Italy 1.6 1.0 1.0 1.2 a2 
Italy 12.4 11.2 16.7 15.9 14.8 Others 0.3 1.4 Ont 0.5 0.5 
Greece 1.8 1.0 1.4 2.0 1.3 Total 16.8 16.3 15.7 18.0 16.2 
Others sel 2.5 3e1 3.5 3.4 FSU 2/ and 

Total 34.9 29.4 40.5 41.7 36.1 Eastern Europe: 

FSU 2/ and Hungary 162 Seil 0.7 0.1 0.4 
Eastern Europe Others 0.1 0.1 0.1 0.1 Onl 
Hungary 0.4 0.3 0.6 1.2 0.0 Total 13 3.1] 7 0.1 0.5 
Romania 0.6 0.3 0.8 1.5 0.5 Asia: 

FSU 0.1 0.0 0.6 0.8 0.1 India 7.5 355 S555 5.2 Zan 

Yugoslavia 1.5 0.0 Thailand 126 2.8 5.4 5.3 4.0 
Others 0.8 0.4 0.0 0.2 0.9 Taiwan 4.5 6.3 4.8 3.5 3.6 

Total 2.0 1.0 2.0 5.1 1.6 Japan 6.4 6.9 7.6 7.8 6.2 

Asia: China(Mainl and) 2.4 4.0 6.8 9.0 §.5 
Turkey 1.0 1.5 1.0 0.6 0.9 Others 2.0 1.5 2.9 0.5 0.4 
Iraq ree} ee 0.4 0.0 0.0 Total 4.5 25.0 30.5 Ses 22.4 
Saudi Arabia 4.2 10.4 10.0 9.3 7.9 Africa: 

Japan 11.8 8.9 7.7 7.0 8.1 Ethopia 3.3 0.1 0.1 0.1 0.0 
South Korea 1.0 0.7 0.6 0.7 0.9 South Africa 0.5 0.0 0.0 0.0 0.5 
Others 4.2 3.3 2.9 353) 3.8 Others 0.0 0.6 0.8 lez 0.6 

Total 24.4 26.0 22.6 0.9 Zen Total 3.8 OR, 0.9 1.3 Lal 

Africa: Oceania: 

South Africa el 12 0.9 1.0 0.8 Australia 1.8 16 Dee 1.9 2.0 

Egypt 0.8 0.8 0.4 0.4 0.5 New Zealand 5.6 2.4 4.2 3.5 2.5 

Others 1.0 0.8 1.4 Leet 1.6 Total 7.4 4.0 6.4 5.5 4.5 
Total 2.9 a] Ze Zen 2.9 

Oceania: Total 100.0 100.0 100.0 100.0 100.0 
Australia Le) 1.2 1.2 1.1 1.20 2 - +--+ ---- ---------------------------- +--+ --- +--+ +--+ 
New Zealand 0.3 0.3 0.2 0.2 0.2 1/ Totals may not add due to rounding. 

Others 0.0 0.0 0.1 0.0 0.0 2/ Former Soviet Union. 
Total 2.0 1.6 1.5 1.3 1.4 
Total 100.0 100.0 100.0 100.0 100.0 


1/ Totals may not add due to rounding. 
2/ Former Soviet Union. 
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Pesticides 


Pesticide Prices Rise Again 


Herbicide prices were up 1.9 percent and insecticide prices 7.7 percent 
in 1993, following increases of 2.4 and 4.8 percent in 1992. 








Prices 


Herbicide and insecticide prices have generally risen over 
the past 3 years (table 37). Pesticide manufacturers in- 
creased expenditures to research and develop new products 
and to develop additional data to reregister older products. 
In addition, many pesticide manufacturers have embarked 
on expensive biotechnology research. Dealer costs also 
have risen, especially for liability insurance. 


Average farm-level herbicide prices rose 1.9 percent be- 
tween 1992 and 1993, after a 2.4 percent gain in 1992. A 
major small grain herbicide, 2,4-D showed the greatest in- 
crease -- 9.2 percent. Atrazine, a major corn and grain sor- 
ghum herbicide, was second at 3.4 percent. 


Farm-level insecticide prices are up 7.7 percent, compared 
with a rise of 4.8 percent last year. The price of methyl 
parathion (used extensively in cotton production for boll 
weevil control) is up 12.7 percent in 1993, following a 14 
percent increase in 1992. The mild winter of 1992-93 in- 
creased in boll weevil pressure. Therefore, growers 
stocked up on methyl parathion; tightening supplies and 
increasing price. 


Table 37--April farm pesticide prices 1/ 


Change 
Pesticides 1991 1992 1993 92-93 
Dollars per pound 2/ Percent 
Herbicides: 

Alachlor 6.15 6.35 6.45 1.6 
Atrazine 3.25 3.48 3.60 3.4 
Buty late 3.34 3.10 2.88 Tae 
Cyanazine 5.65 5.83 5.95 2.1 
Metolachlor 7.49 7.69 7.79 153 
Trifluralin Je 50 8.00 8.08 1.0 
2,4-D 2.83 2.93 3.20 9.2 
Composite 3/ 5.04 5.16 5.26 1.9 

Insecticides: 
Carbary] 4.44 4.95 5.36 8.3 
Carbofuran 10.39 10.84 12.20 era) 
Chlorpyrifos 10.65 13.0) 122053 6.5 
Fonofos 10.30 10.20 10.75 5.4 
Methyl parathion 4/ ALS 4.74 5.34 12.7 
Phorate 7.78 8.06 8.80 9.2 
Pyrethroids 5/ 61.25 62.50 64.17 4.0 
Terbufos 11.28 11.28 ey, 5.2 
Composite 3/ 233 12.92 13.91 i sil 


1/ Derived from the April survey of farm supply dealers 
conducted by the NASS, USDA. 2/ Active ingredients. 3/ 
Includes above materials and other major materials but 
not products registered in the last 2 to 3 years. 4/ 
Supplied by Fred Cooke, Mississippi Agricultural 
Experiment Station. 5/ Average of fenvalerate and 
permethrin prices based on 2.4 pounds active ingredient 
per gallon. 
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Pesticide Use on 1992 Fall Potatoes 


Fall potatoes are grown across the northern United States, 
from Maine to Washington. Herbicides were applied to 82 
percent of the fall potato acreage in the 11 surveyed States 
(table 38). However, in Minnesota and North Dakota, 
where rainfall is low, only 63 and 42 percent of the acre- 
age is treated with herbicides. Insecticide use was fairly 
uniform across all States (table 39). The proportion of 
acreage treated with fungicides was highest in the humid 
East and lowest in the more arid West (table 40). 


Herbicides were applied only once on 59 percent of the 
fall potato acreage, and twice on 17 percent. The number 
of insecticide treatments averaged 2.3, ranging from 1.4- 
1.5 in Idaho and Colorado to 4.25 in New York and Penn- 
sylvania. Fungicide treatments were highest in Maine at 
7.8, followed by Wisconsin at 5.8. 


Herbicides 


Metribuzin was the most commonly used herbicide in fall 
potato production (table 38). It was either used alone or in 
combination with other herbicides to broaden the weed 
control spectrum. Metribuzin requires moisture shortly af- 
ter treatment to be effective. A large share of the fall pota- 
toes in the Pacific Northwest is treated with metribuzin be- 
cause most of the crop is irrigated. Metribuzin, generally 
applied after planting but before potatoes emerge, controls 
such weeds as foxtail, ragweed, pigweed, and mustard. 


EPTC was the second most commonly used herbicide. It 
is a selective herbicide that can be applied preplant or after 
planting prior to weed germination. It controls pigweed, 
foxtail, and wild oats. EPTC must be incorporated into the 
soil because it is readily lost by volatilization. It is most 
effective where rainfall is low. 


Insecticides 


Colorado potato beetles, aphids, and leafhoppers constitute 
the major insect problems in potato production. The Colo- 
rado potato beetle has developed some resistance to a num- 
ber of organophosphorus insecticides, and to some of the 
newer synthetic pyretioids. 


The most commonly used insecticides across all States are 
esfenvalerate, methamidophos, and phorate (table 39). Car- 
bofuran was used extensively in Minnesota and North Da- 
kota. Carbofuran, a systemic, is generally applied at plant- 
ing for flea beetle and early-season Colorado potato beetle 
control. 


Table 38--Selected herbicides used in fall potato production, 1992 1/ 


Item co ID ME MI MN NY 2/ ND OR PA WA WI = Area 
1,000 acres planted 67 380 81 37 71 21 145 45 20 125 66 1058 
1,000 acres treated with herbicides 50 362 80 26 45 18 61 39 15 103 62 862 
Percent of planted acres treated: 76 95 99 70 63 84 42 87 77 82 94 82 
With 1 treatment 63 63 93 42 51 26 36 54 46 63 71 59 
With 2 treatments 13 26 5 16 12 30 3 23 26 13 14 17 
With 3 treatments nr 5 1 2 nr 28 2 9 5 6 8 5 
With 4 treatments nr 1 ar nr nr nr 1 1 nr nr 1 * 
Average times applied 1.16 1.41 POG 56 lel 42 03en el. 20) ek On 1.46 1.29 1.36 1.34 
1,000 acre-treatments 3/ 58 509 86 40 51 36 76 59 23 133 85 1156 


Acre-treatments by active ingredient: 4/ 
Single materials-- 


EPTC 14 19 1 2 a7 nr 4 20 4 15 1 13 
Glyphosate nr * nr 6 1 10 6 2 9 i 4 2 
Linuron 2 nr 21 20 nr 15 nr nor 4 nr 6 3 
Metolachlor nr 1 2 4 9 25 12 2 5 5 5 4 
Metribuzin 21 5S 72 30 15 23 6 28 18 41 51 43 
Pendimethalin nr 5 nr nr 18 10 8 2 nr 3 2 5 
Sethoxydin 5 * 3 8 11 3 8 1 nr nr 4 2 
Trifluralin nr * nr nr 3 nr 29 * nr 4 nr 3 
Other nr nr 1 1 nr nr nr 1 nr nr 1 * 
Combination mixes-- 
Metolachlor + linuron nr nr nr 20 nr 3 nr nr 8 nr nr 1 
Metribuzin + EPTC 49 8 nr nr nr nr 2 16 nr 4 nr 7 
Metribuzin + metolachlor 7 1 1 4 12 12 nr nr 48 nr 8 4 
Metribuzin + pendimethalin 2 4 nr nr 13 nr 14 9 2 17 12 7 
Pendimethalin + EPTC nr 2 nr nr nr nr nr 4 nr 5 nr 2 
Trifluralin + EPTC nr 2 nr nr nr nr nr 3 nr 1 nr il 
Other nr 3 1 5 nr nr 10 12 nr 4 7 4 
Total 100 100 100 100 100 100 100 100 100 100 100 100 
nr = None reported. * = Less than 1 percent. 
1/ Preliminary. 2/ Excludes Long Island. 3/ Acres treated x times applied. 4/ Spot treatments not included. 
Table 39--Selected insecticides used in fall potato production, 1992 1/ 
Item co ID ME MI MN NY 2/ ND OR PA WA WI Area 
1,000 acres planted 67 380 81 37 71 21 145 45 20 125 66 1058 


1,000 acres treated with insecticides 50 322 78 36 71 20 139 39 20 113 65 953 


Percent of planted acres treated: 76 85 96 97 99 95 96 87 99 90 98 90 
With 1 treatment 52 61 37 9 23 0 27 17 10 16 28 38 
With 2 treatments 20 20 29 16 53 28 23 16 11 3 30 23 
With 3 treatments 0 3 12 22 19 14 31 9 18 19 28 13 
With 4 treatments 0 1 9 22 2 12 12 19 29 21 5 8 
With 5 treatments 0 0 4 22 1 14 3 21 2 12 4 5 
With 6 or more 4 0 5 6 1 27 0 5 29 9 3 3 

Average times applied 3/ PE SAw eeles6) maces Smee s Soumeel ll 4s 27am 2.S0mm S37) man24 | §3n3ONu ec 46u10 2-27 

1,000 acre-treatments 77 439 194 128 150 85 332 132 84 383 159 §=2163 


Acre-treatments by active ingredient: 4/ 5/ 
Single materials-- 


Azinphos-methy] nr 10 13 4 8 4 7 3 5 3 1 6 
Carbofuran 2 2 * * 29 nr 53 1 2 2 il 11 
Disul foten 4 3 5 nr nr 3 nr 6 nr 9 4 4 
Endosulfan 26 4 11 8 7 10 8 0 2 * 20 7 
Esvenvalerate 44 13 20 2 21 17 6 1 8 3 22 12 
Ethoprop nr 13 il 2 nr 1 nr 5 1 3 * 4 
Methamidphos 4 6 27 8 8 16 10 35 9 32 7 16 
Permethrin 5 6 2 2 nr 5 nr 8 3 5 22 5 
Phorate nr 36 nr 5 13 1 10 12 6 12 7 14 
Phosphami don nr nr nr nr * 1 4 nr nr nr nr i} 
Other 12 5 14 23 8 26 1 7 28 16 10 11 
All combination mixes 4 3 9 47 4 18 1 23 36 14 4 11 
Total 100 100 100 100 100 100 100 100 100 100 100 100 


* = Less than 1 percent. nr = None reported. 
1/ Preliminary. 2/ Excludes Long Island. 3/ Acres treated x times applied. 4/ Spot treatments not included. 
5/ Data were not tabulated to reveal insecticide-fungicide combination mixes. 
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Fungicides 


Mancozeb, chlorothalonil, and maneb are the most com- 
monly used fungicides in fall potato production (table 40). 


Early and late blight are the two most serious diseases. 


Early blight kills the potato vine, reducing the food supply 
available for tuber production in the hill. Late blight kills 


the vine, and can also infect developed tubers, making 


them vulnerable to decay in storage. The disease organism 
is harbored in volunteer potato plants and in decaying 


Table 40--Selected fungicides used in fall potato production, 


vines and tubers left in the field. The disease organism 
contaminates the potato plant when rain splashes infected 


soil particles onto the foliage. 


Mancozeb, maneb, and chlorothalonil are protective fungi- 
cides in that they must kill the disease organism before it 
invades the foliage. This explains the large number of fun- 


gicide treatments in high rainfall areas. 


1992 1/ 


1,000 acres planted 
1,000 acres treated with fungicides 


Percent of planted acres treated: 


With 1 treatment 

With 2 treatments 
With 3 treatments 
With 4 treatments 
With 5 treatments 
With 6 treatments 
With 7 treatments 
With 8 treatments 
With 9 treatments 
With 10 or more 


Average times applied 
1,000 acre-treatments 3/ 


Acre-treatments by active ingredient: 
Single materials-- 
Chlorothal onil 
Cooper hydroxide 
Iprodione 
Mancozeb 
Maneb 6/ 
Metiram 
Triphenyltin hydroxide 
Other 


Combination mixes-- 
Mancozeb + metalaxyl] 
Mancozeb + triphenyltin hydroxide 
Maneb + triphenyltin 
Other © 


4/ S/ 


380 
147 


nr 10 3 2 5 13 
1 6 nr 2 2 18 15 
9 10 nr 21 3 2 10 
13 5 5 5 1 nr 16 
19 10 3 7 6 3 10 
11 1 nr 7 nr nr 6 
30 nr nr 16 or nr 2 
7.81 4.1 2.47 5.56 2.72 2.91 5.37 2. 
629 124 149 106 370 105 #£«9100 
13 2 21 3 12 26 4 
* 1 nr nr nar 8 nr 
nr 1 nr nr 1 13 nr 
57 75 39 39 41 10 65 
17 3 22 16 16 6 4 
nr 4 nr nr nr nr ar 
* nr 5 nr 11 1 1 
nr 1 nr 2 1 5 1 


5.80 
361 


2650 


wawese coat Oren wae ae BOC SSS S Baa SBS SSS OSES SERS HOSE SESS ABM E SHAT SSTATeeeceaa Ssasesescoasroecsesesscoceeeewere sees wee eee eese ss 


* = Less than 1 percent. 


1/ Preliminary. 
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nr = None reported. 


2/ Excludes Long Island. 
5/ Data were not tabulated to reveal insecticide-fungicide combination mixes. 


3/. Acres treated x times applied. 


6/ Includes maneb + zinc 


4/ Spot treatments not included. 
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Herbicides on Winter Wheat 


In 1993, herbicides were used on 43 percent of harvested 
winter wheat.acreage in the surveyed States (table 41). In 
Idaho, Oregon, and Washington 91 to 98 percent of the 
winter wheat acreage was treated with herbicides in order 
to control annual broadleaf and grass weeds during mild 
periods in the winter. In Montana 98 percent of the winter 
wheat acreage was treated because winterkill thinned 
stands and invading weeds had to be controlled to prevent 
additional yield losses. 


Chlorsulfuron and 2,4-D were the two most commonly 
used herbicides. Chlorsulfuron, registered in 1982, con- 
trols broadleaf and grass weeds and can be applied either 
pre- or postemergence. In contrast, 2,4-D controls only 
broadleaf weeds and is applied postemergence. Chlorsul- 
furon gained rapidly in popularity and by 1988 accounted 
for 49 percent of the winter wheat herbicide acre-treat- 
ments but by 1993 dropped to 15 percent. The reason is 
that weeds resistant to chlorsulfuron have been identified 
(kochia and Russian thistle) and farmers have been urged 
to rotate chlorsulfuron with other herbicides to slow resis- 
tance development in other weed species. 


Table 41--Selected herbicides used in winter wheat production, 1993 1/ 


Item co ID Te KS 

1,000 acres harvested 2550 850 1550 11300 

1,000 acres treated with 

herbicides 562 830 327 4333 

Percent of harvested 

acres treated: 22 98 21 38 
With 1 treatment 21 81 21 36 
With 2 or more 1 Ly, nr 2 

Average times applied 1.06 1.19 1.00 1.08 


1,000 acre-treatments 2/ 593 988 327 4688 


Acre-treatments by 
active ingredient: 3/ 
Single materials-- 


2.4-D 16 11 6 15 
Chlorsulfuron nr 1 nr 40 
Dicamba 5 3 nr 1 
Glyphosate nr 1 nr 6 
MCPA nr 5 nr 1 
Metsul furon nr 1 nr 4 
Triasulfuron 5 nr nr 1 
Other nr ANT nr nr 
Combination mixes-- 
2,4-D + chlorsulfuron nr 2 nr 5 
2,4-D + dicamba 10 2 nr 3 
2,4-D + glyphosate 5 1 nr 3 
2,4-D + metsul furon 10 nr nr 5 
2,4-D + triasulfuron nr nr nr 2 
Chlorsulfuron + metsul furon nr nr nr 4 
Thifensulfuron + tribenuron 11 4 89 nr 
Other 2-way mixes 16 16 nr 4 
3-way mixes 21 21 6 8 
4-way mixes nr 23 nr nr 


nr = None reported. 
1/ Preliminary. 2/ Acres treated x times applied. 


36 


1400 2500 2100 1000 5500 860 1400 3700 2500 


37210 


87 2445 798 152 1607 840 876 872 2268 15997 


6 98 38 15 29 98 63 24 91 43 
6 87 33 15 29 71 54 23 75 39 
nr 11 5 nr nr 27 9 1 16 4 


TOOK E Llu 26 l00) 100 ete 37 eel 20Nele Ocmmlcs mente 


87 2740 929 152 1607 1155 1050 889 2782 17987 


Percent 


4 8 43 60 10 4 21 40 21 17 


nr nr nr nr 48 nr nr 10 nr 15 
nr nr 9 24 2 1 nr nr nr 1 
nr nr 2 nr nr nr nr nr 3 2 
nr nr nr 8 nr 6 nr 5 2 2 
nr 2 7 nr nr nr 12 8 nr 3 
nr 1 2 nr 5 4 nr 4 1 2 
nr 7 5 nr 2 20 5 nr 12 5 
nr nr nr nr 2 nr nr nr nr 1 
nr 45 5 8 2 3 14 nr 1 10 
nr nr nr nr nr 2 i 3 nr 2 
nr 25 16 nr 2 nr 28 7 nr 8 
nr 1 5 nr nr 1 2 nr 5 2 
nr nr nr nr 27 5 nr 20 1 5 
96 nr nr nr nr 3 nr 2 5 4 
nr 3 7 nr nr 5 12 nr 10 6 
nr 8 nr nr nr 34 nr nr 30 12 
nr nr nr nr nr 2 nr nr 10 4 
LOOM e100 5100 lOO e100 n100 100 100 100 100 


3/ Spot treatments not included. 
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Nitrogen Fertilizer Application Timing Practices on 


1992 U.S. Corn Acreage 


Stan Daberkow and Harold Taylor / 


Abstract: Applying nitrogen fertilizer during the com growing season rather than in 
the fall generally minimizes the risk of environmental contamination from nitrate run- 
off and leaching. A 1992 survey indicated that about 25 percent of the 69 million 
com acres treated with nitrogen was fertilized in the fall, while 33 percent received 
nitrogen after planting. Slightly more than half the com acres received single nitro- 
gen applications while the remainder received two or more applications. The most 
common multiple application combinations were at planting/after planting (9.8 mil- 
lion acres) and spring before planting/at planting (8.2 million acres). The survey re- 
sults indicate an opportunity exists to address potential water quality problems by 


modifying the timing of nitrogen applications. 


Keywords: Nitrogen fertilizer, application timing, com 


Introduction 


Environmental, human health, economic, and regulatory is- 
sues continue to be associated with the use of fertilizers, es- 
pecially nitrogen, in U.S. crop production. Nitrogen is a 
key input contributing to enhanced yields and farm reve- 
nue. However, evidence of nitrates in ground and surface 
water has led to ecological and human health concerns (5). 
Furthermore, nitrates that leach or runoff the land represent 
economic losses to farmers as well as to water consumers 
who must pay for nitrate removal. Because of these con- 
cems, voluntary and regulatory measures are being pro- 
posed and, in some States, are already being implemented 
to encourage more efficient nitrogen fertilizer use. Many 
of these measures focus on reducing the risk of water con- 
tamination, while maintaining crop yields, by encouraging 
a better match between the timing of fertilizer applications 
and rapid crop uptake. Because corn is one of the most ni- 
trogen- intensive crops and accounts for over 40 percent of 
all nitrogen fertilizer used in the United States, nutrient 
management programs are often targeted on this crop. 


Background 


The underlying premise of efforts to ensure efficient use 
and minimize loss is that nitrogen should be applied at or 
near the time it is needed by the crop. For corn, the most 
rapid uptake of nitrogen is midsummer. Fall fertilization 
of corn land, particularly before frost, is often targeted as 
being potentially harmful to water quality (1). 


Rainfall during the fall, winter, and early spring months 
prior to crop uptake can lead to significant nitrate leaching 
or runoff. Conversely, nitrogen applied during the grow- 
ing season is often promoted as a practice to reduce the 





: Agricultural economists, Resources and Technology Division, Economic 


Research Service, USDA. 
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risk of water contamination. The extent of potential nitro- 
gen loss is also affected by soil type, climate, and terrain. 
Sloping, sandy fields subject to intensive rainfall or irriga- 
tion are the most susceptible to nitrate loss. 


Both USDA and the Environmental Protection Agency 
have emphasized the importance of application timing in 
reducing the risks to water quality (3). Some States, such 
as Nebraska, have regulations that ban fall fertilization on 
environmentally sensitive cropland and encourage applica- 
tions during the growing season (2). 


While a single or split application during the growing sea- 
son can minimize nitrogen losses to the environment, such 
a strategy may conflict with a producer’s economic consid- 
erations (4, 6). For example, variation in precipitation pat- 
terns can unexpectedly reduce the time available for fertil- 
izer applications during the growing season, thus 
increasing the risk of yield reduction. Also, fertilizer sea- 
sonal pricing patterns, on average, encourage fall rather 
than spring purchases (9). Furthermore, farmers’ opportu- 
nity costs of labor may be much higher during the late 
spring and planting season than during the fall post-harvest 
time period. Different application costs by season and risk 
attitudes of producers are other important factors influenc- 
ing application timing (6). Such economic considerations 
may lead to nitrogen applications during the fall or early 
spring, and for some producers, applying nitrogen over sev- 
eral application periods may be preferred. 


Data 


The corn Cropping Practices Survey sample is selected 
from an area frame sampling procedure. Each state is a 
stratum, except for Nebraska which has irrigated and non- 
irrigated districts (strata). Samples are selected within 
each stratum. Seventeen States were included in the corn 
sample with a total of 5,382 field-level observations that 
applied nitrogen. The States are Georgia, Illinois, Indiana, 
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Iowa, Kansas, Kentucky, Michigan, Minnesota, Missouri, 
Nebraska, North Carolina, Ohio, Pennsylvania, South Caro- 
lina, South Dakota, Texas, and Wisconsin. The survey 

area represents over 71 million acres of planted corn or 
about 90 percent of U.S. planted corn acreage. 


The survey questionnaire includes questions on fertilizer 
use by field. The amount of nitrogen, phosphate, and pot- 
ash for each application can be determined, as well as 
when the fertilizer was applied. The questionnaire re- 
quests the respondent to indicate, for each application, if 
the fertilizer was applied to the field in the fall before 
planting, in the spring before planting, at planting, or after 
planting. For this report, each of these time intervals is de- 
fined to be a fertilizer application period. 


Application timing practices on USDA Cropping Practice 
Survey data for 1988 corn and 1990 corn, cotton, soybean, 
rice, and wheat have been reported in the literature (7, 8). 


Table A-1-- Nitrogen use by application timing in 
corn production, 1992 


eet Application timing----------- 


Fall Spring At After Total 
before planting planting (annual) 


planting 
Acres 
(mil. ) 16.6 38.1 28.5 21.7 69.1 a/ 
Nitrogen 
applied 
(mil. Ibs.) 1,597 4,232 694 2,374 8,898 
Application 
rate 
(lbs. /acre) 96 111 24 109 128 


a/ Row does not sum to total because some acres are 
treated more than once. For application rates by season 
for 1988 and 1990 see sources 7 and 8. 


In 1988 in the 10 major corn producing states, 23 percent 
of the acres planted to comm (12 million acres) were treated 
in the fall and received an average fall application of 100 
pounds of nitrogen per acre. In 1990 in the same 10 
states, 28 percent of the acres planted to corn (16 million 
acres) were treated in the fall and received an average of 
102 pounds per acre. 


Survey Results 


In 1992, farmers used nitrogen on 97 percent of the 71.4 
million acres of corn included in the Cropping Practices 
Survey. Of these 69 million corn acres, about 38 million 
(55 percent) were treated in the spring before planting and 
about 29 million (42 percent) were treated at planting (ta- 
ble A-1). In terms of nitrogen applied, 47 percent (4.2 bil- 
lion pounds) was applied during the spring and only 8 per- 
cent (0.7 billion pounds) at planting. Much of the nitrogen 
applied at planting is a starter fertilizer that is typically 
used at very modest rates. For 1992, this rate was esti- 
mated at 24 pounds per acre. 


The least used application season was the fall when nearly 
25 percent (17 million acres) of all 1992 corn acres were 
treated. More importantly, over 1.6 billion pounds or 
about 800,000 tons (18 percent of the total) of nitrogen fer- 
tilizer were applied during the fall application period. At 
the other end of the timing continuum, about 22 million 
acres (32 percent) were treated with nitrogen after plant- 
ing. However, only 27 percent (2.4 billion pounds) of the 
nitrogen was applied during this period when nitrogen up- 
take was most vigorous. 


The survey data clearly indicate that many farmers split 
their nitrogen applications among two or more seasons (ta- 
ble A-2). While slightly more than half (36.4 million 
acres) of the corn acreage received nitrogen during one ap- 
plication period, about 33 million acres were treated dur- 
ing two or more periods. When corn producers applied ni- 
trogen during more than one period, they most commonly 
chose either the spring/at planting combination (8.2 million 


Table A-2-- Nitrogen use in corn production by application timing and period, 1992 


Application Acres Annual ------- Applications 
period 1/ treated total First Second 
million = ---------- Million pounds------------ 
F only 7.3 1,006 1,006 NA 
Sb only 20.4 2,532 2,532 NA 
At only 4.9 214 214 NA 
Af only 3.8 450 450 NA 
F + Sb 3.4 512 137 375 
F + At 2.7 365 305 60 
F+Af 2.0 322 94 228 
Sb + At 8.2 1,106 960 146 
Sb + Af 3.5 537 182 355 
At + Af 9.8 1,327 214 1113 
F + Sb + At 0.5 84 21 56 
F + Sb + Af 0.2 33 | 13 
F+At + Af 0.5 91 31 10 
Sb + At + Af 1.9 317 113 43 
Total 69.1 8,898 NA NA 


NA = Not applicable. 


wet meet et eee meee wets Cees wee ew wee ew ome ew wee we ewes wee e ccc e coce oe 


tceceee Annual ------Applications------- 
Third total First Second Third 
amnion wens n- Pounds per acre--------- 

NA 138 138 NA NA 

NA 124 124 NA NA 

NA 44 44 NA NA 

NA 118 118 NA NA 

NA 152 41 111 NA 

NA 136 113 22 NA 

NA 158 46 112 NA 

NA 134 117 18 NA 

NA 154 52 102 NA 

NA 136 22 114 NA 

7 171 43 115 14 

16 190 19 76 96 

50 185 63 21 102 
161 166 59 23 84 
NA 128 NA NA NA 


PLONE A eee a oe ee mG em a eaten we Lee les ae: wie ew ae! wae wlan en, wr’ 5s as uw'Cen’ Wel Ge! xem ao an! et antes a veniieatoaes tie ee ete teat 


1/ F = Fall; Sb = Spring before planting; At = At planting; and Af = After planting 
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acres) or the at planting/after planting combination (9.2 
million acres). A modest 3 million corn acres received ni- 
trogen during three application periods. 


Annual nitrogen application rates tended to increase as the 
number of application periods rose (table A-3). While ap- 
plication rates are determined by a number of factors, espe- 
cially those affecting yield, the survey data indicate that, 
all things being equal, application rates averaged 115 
pounds per acre for com receiving single period applica- 
tions, compared with 144 per acre for acreage treated over 
several periods. If fall applications are excluded, these 
rates become 110 pounds per acre and 175 pounds, 
respectively. 


About 7.3 million acres received nitrogen only in the fall, 
while another 9.3 million acres received nitrogen in the 
fall and during one or more other periods. These 16.6 mil- 
lion acres, which would be affected by policies or regula- 
tions that shift nitrogen application closer to plant uptake, 
have vastly different fall application rates. Fall only appli- 


Table A-3-- Corn acres treated, nitrogen applied, and 
application rate by single and multiple 
season application, 1992 


Single Multiple 
Applications application applications Total 
only 

Fall application 

Acres Tiss 9.3 2/ 16.6 

(mil.) 

Nitrogen 

applied 

(mil. Ibs.) 1,006 592 2/ 1,598 

Application 

rate 

(1bs./acre) 138 64 2/ 96 
Other 
applications 1/ 

Acres 29.1 23.4 52.5 

(mil.) 

Nitrogen 

applied 

(mil. Ibs.) 3,196 4,104 7,300 

Application 

rate 

(lbs./acre) 110 175 139 
Total 

Acres 36.4 32.7 69.1 

(mil.) 

Nitrogen 

applied 

(mil. Ibs.) 4,202 4,696 8,898 

Application 

rate 

(1bs./acre) 115 144 128 


1/ Other application are spring before planting, at 
planting, and after planting. 2/ Fall plus other 
application periods. 


Agricultural Resources: Inputs/AR-32/October 1993 


cations averaged 138 pounds per acre while fall plus other 
period applications averaged less than half that rate. The 
amount of fertilizer applied during the fall is clearly influ- 
enced by whether a producer intends to apply additional 
fertilizer during some succeeding time of the year. 


At the other application timing extreme, about 3.8 million 
corn acres received nitrogen only after planting and an- 
other 17.9 million acres received nitrogen after planting 
and during one or more other application periods. Of 
these 17.9 million acres, 2.7 million were treated in both 
the fall and after planting. Acres receiving nitrogen only 
after planting had an application rate of 118 pounds per 
acre, compared with 107 pounds per acre when nitrogen 
was also applied during a previous application period. 


Summary 


Economic and environmental considerations associated 
with nitrogen fertilizer use are focusing greater attention 
on fertilizer application timing. Matching nitrogen applica- 
tion with plant uptake, which occurs in midsummer for 
corn, reduces the potential for environmental degradation. 
However, nitrogen application after planting can conflict 
with economic considerations, such as fertilizer prices, un- 
certainty with respect to when field operations can occur, 
risk attitudes, and opportunity costs of labor and manage- 
ment, which encourage farmers to apply fertilizer other 
times during the crop year or to split their applications 
over several periods. Fall fertilization, with its potential 
for nitrate leaching and runoff, is of particular concern, al- 
though the risks to water resources vary widely by soil, cli- 
mate, and topography. 


Nearly one-quarter of all corn acres receive nitrogen fertil- 
izer during the fall prior to planting, and these applications 
account for one-fifth of the total nitrogen applied to corn. 
Thus, the survey results indicate that water quality could 
be improved by modifying nitrogen application timing. 
However, the magnitude of water quality changes will de- 
pend on the leaching and runoff potential of fields receiv- 
ing fall applications. Further analysis is needed to assess 
how such a shift in timing would alter producers’ costs, 
net returns, and risks. Nevertheless, the survey indicates 
that a significant number of producers already use a vari- 
ety of other application timing strategies that do not re- 
quire fall fertilization. 


References 


1. Blackmer, A. M., "Losses and Transport of Nitrogen from 
Soil" in Rural Groundwater Combination, ed. by F. D’ni- 
tri and L. Wolfson, Lewis Publishers, Chelsea, MI, 1987. 


2. Central Platte Natural Resource District, "Groundwater 
Quality Management Program: Groundwater Quality Im- 
provement for the Central Platte Valley," Grand Island, 
NE, July 1993. 


39 


Dicks, M., P. Norris, G. Cuperus, J. Jones, and J. Duan, 
"Analysis of the 1990 Integrated Crop Management Prac- 
tice," Circular E-925, Oklahoma State University, Still- 
water, OK, 1992. 


Feinerman, E., E. Choi, and S. Johnson, "Uncertainty and 
Split Nitrogen Application in Corn Production," Ameri- 
can Journal of Agricultural Economics, Vol. 72, Nov. 
1990. 


Freshwater Foundation, "Nitrates and Groundwater: A 
Public Health Concern,” Navarre, MN, 1988. 


Huang, W., L. Hansen, and N. Uri, "The Timing of Ni- 
trogen Fertilizer Application: the Case of Cotton Produc- 


Te 


8. 


° 


tion in the U.S.," Applied Mathematical Modelling, Vol. 
17, Butterworth-Heineman Publishers, Feb. 1993. 


Taylor, Harold H. "Fertilizer Application Timing," Agri- 
cultural Resources: Inputs Situation and Outlook Report. 
Economic Research Service. AR-24, October 1991, pp. 
30-38. 


Taylor, Harold H. and Harry Vroomen. "Timing of Fer- 
tilizer Applications," Agricultural Resources: Inputs 
Situation and Outlook Report. Economic Research Serv- 
ice. AR-15, August 1989, pp. 40-45. 


Vroomen, Harry and Harold Taylor, "Fertilizer Price and 


Use Statistics, 1960-91," Statistical Bulletin No. 842, 
Economic Research Service, USDA, November 1992. 


Agricultural Resources: Inputs/AR-32/October 1993 


Special Article i 


Analysis of Pesticide Use by Tillage System in 
1990, 1991, and 1992 Corn and Soybeans 
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Abstract: This study examines the relationship between pesticide use and tillage 
systems in production of com and soybeans in 1990, 1991, and 1992. Little differ- 
ence between tillage systems was observed in the percentage of acres treated or 
in the number of herbicide treatments. Average pounds of herbicide active ingredi- 
ent applied did not exhibit a consistent pattem across tillage systems over the 
years. About 40-50 percent of the herbicide acre-treatments were combination 
mixes of more than one ingredient. The exception was no-till, where about 50-60 
percent of the acre-treatments were combination mixes. Com insecticide applica- 
tions were not significantly different between tillage systems, although no-till acre- 


age reported lower use for each year. 


Keywords: Pesticides, tillage systems, herbicide use, acre-treatments, pesticide 


use pattems 


National agricultural policy is currently focusing on the po- 
tential risk of pesticides used in crop production and how 
their use may affect water quality and food safety. The 
conservation compliance provisions of the 1985 Food Secu- 
rity Act (FSA) and the Food, Agriculture, Conservation, 
and Trade Act of 1990 (FACTA) require farmers to imple- 
ment conservation practices on highly erodible land (HEL) 
by 1995 or become ineligible for farm program benefits. 
The United States Department of Agriculture (USDA) has 
developed soil conservation plans for 141 million acres of 
highly erodible U. S. cropland. These plans include crop 
residue management as part of the recommended treatment 
on about 75 percent of the 110 million HEL acres planted 
to crops. 


Tillage operations are used to destroy weeds and habitat fa- 
vorable to pests. Pesticides are commonly used with all 
tillage systems to control weeds, insects, and diseases. 
However, because crop residue management (CRM) sys- 
tems normally involve fewer tillage operations, the percep- 
tion is that these systems require significantly greater quan- 
tities of chemicals. Increased biological activity associated 
with CRM systems is presumed to be a negative factor 
that leads to increased fertilizer immobilization or loss, in- 
sect activity, and disease problems. In addition, decreased 
tillage is assumed to lead to greater weed problems. There- 
fore, the conclusion is that greater inputs of fertilizers and 
pesticides are required (/1). If true, a potential conflict 
may exist between conservation compliance plans that 
specify the use of CRM systems to control soil erosion 

and water quality objectives that advocate reduced pesti- 
cide use. Reevaluation of these policies and objectives 
would be the result of such a conflict. 


’ Agricultural economists and Senior Systems Analyst, Economic Research 
Service, USDA. 
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This study examines the relationship between tillage sys- 
tems and pesticide use on comm and soybeans for the major 
producing States. The data was obtained from the Eco- 
nomic Research Service Cropping Practice Surveys for 
1990, 1991, and 1992. These surveys collected informa- 
tion on tillage systems, pesticide applications, pesticide 
quantities, and other production inputs covering about 80 
percent of production acreage. Analyses of these data 

have implications for evaluating the impact of public poli- 
cies designed to protect the food supply and to improve en- 
vironmental quality. These include policies resulting from 
conservation compliance, the Federal Insecticide, Fungi- 
cide, and Rodenticide Act (FIFRA), the Clean Water Act of 
1972, and the Water Quality Act of 1987. 


Definitions and Methodology 


Tillage systems are defined in terms of the extent of soil 
disturbance and the management of crop residues. Tillage 
system designations are based on the estimated residue re- 
maining immediately after planting (8, 9). Mechanical cul- 
tivations for after-planting weed control are not included 
when defining tillage systems. Residue levels are obtained 
by estimating the residue remaining from the previous crop 
and reducing this residue level by the incorporation rate as- 
sociated with each tillage and planting implement used. 


The five tillage systems defined for this analysis are mulch- 
till, no-till, ridge-till, conventional tillage with the mold- 
board plow, and conventional tillage without the mold- 
board plow. Mulch-till, no-till, and ridge-till are identified 
as conservation tillage systems. A conservation tillage sys- 
tem is defined as one that leaves 30 percent or more of the 
soil surface covered with crop residue after the planting op- 
eration. Tillage methods which leave less than 30 percent 
surface coverage are identified as conventional tillage and 
are divided into systems that use a moldboard plow and 
those that do not. 
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Tillage Systems, Crop Residue Management, 
and Water Quality-Surface Water 


Proper management of crop residue is an effective tech- 
nique to reduce soil erosion and water runoff, improve soil 
tilth and organic matter, and increase moisture retention. 
Tillage practices that leave substantial amounts of crop resi- 
due evenly distributed over the soil surface are a primary 
defense against the impact of rainfall kinetic energy which 
contributes to sealing of the soil surface and reducing infil- 
tration rates, thereby, increasing surface runoff. In addi- 
tion, the filtering action of the increased organic matter as- 
sociated with higher levels of crop residue results in 
cleaner runoff with less sediment and sediment-adsorbed 
chemical (fertilizers and pesticides) losses (28). 


More crop residue on the surface also increases intercep- 
tion of chemicals and facilitates breakdown into harmless 
components through action of microorganisms contained in 
the slowly decaying organic residue and degradation due 
to exposure to air and sunlight (//, 23, 35). Thus, under 
normal conditions, the presence of increased crop residue 
usually reduces the volume of contaminants associated 
with runoff to surface waters by constraining sediment 
losses and enhancing infiltration (/3). 


Tillage Systems, Crop Residue Management, 
and Water Quality-Ground Water 


Greater infiltration resulting from the surface residue in- 
creases soil moisture but raises concerns about the poten- 
tial leaching of dissolved chemicals into shallow ground 
water (2, 36). 


Concerns about ground water quality arise from the knowl- 
edge that (1) post-emergence herbicides are relatively more 
important in no-till systems; (2) on many soils in humid re- 
gions, surface water runoff is reduced and infiltration is en- 
hanced with no-till due to increased organic matter and 
more macropores near the soil surface; and (3) no-till per- 
mits continuous row-crop production on slopes that require 
rotational cropping when clean tillage and cultivation are 
used for weed control (/2, 14). 


Analyses of chemical properties have shown that post- 
emergence and burndown herbicides are generally less mo- 
bile and less persistent, and, therefore, less likely to mi- 
grate from their target during water infiltration (37). 


Macropores, such as, earthworm burrows, large root tun- 
nels, and/or large expansion/contraction cracks, create the 
potential for preferential flow paths to deliver water and 
surface-applied chemicals rapidly through the top layers of 
the soil profile. The lack of disruptive tillage allows them 
to persist. However, macropores are not direct conduits 
from the soil surface to the groundwater aquifer but in- 
stead rarely extend to depths greater than 1 meter in many 
soils (12) . Since macropores are essentially dead-end 
tubes within the root zone, water and chemicals infiltrating 
through them are held where microorganism activity can 
enhance breakdown. 
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The increased volume of infiltration normally dilutes the 
concentration level of contaminants in the percolate to 
ground water (33). Studies on reduced soil compaction 
and improved internal field drainage by subsurface drain- 
age tile indicate that field practices that increase water infil- 
tration can reduce herbicide runoff (4, 7). The timing, 
route, and volume of infiltrating water are very important 
relative to chemical losses in surface runoff or subsurface 


drainage (2). 


The crop grown the previous year can have a great influ- 
ence on successful use of conservation tillage, especially 
no-till. The kind, amount, and distribution of previous 
crop residue can influence soil temperature and allelopathy. 
"Allelopathy," or "autotoxicity," refers to the reduced ger- 
mination and lack of early growth that sometimes result 
from placing seed under or near decaying residue from the 
same crop or a closely related species (19). Thus, no-till 
and mulch-till production are more likely to be successful 
with crop rotation than with continuous cropping. Ridge- 
till is suited only to row crops, and therefore, is often used 
with continuous cropping. 


Thus, under normal climatic and hydrologic conditions, 
crop residue management systems (including mulch-till, 
ridge-till, and no-till in particular) are no more likely to de- 
grade water quality than other tillage systems (J, 2, 12, 14, 
35). In summary, there is decreased potential for surface 
water contamination with crop residue management sys- 
tems and, under normal conditions, the potential for 
ground water contamination is no greater than for other till- 
age systems. Therefore, the conclusion is that changing to 
conservation tillage systems should cause a net decrease in 
total potential water degradation. 


However, there is still a great deal of "conventional wis- 
dom" which states: Since conservation tillage systems ap- 
ply greater quantities of pesticides and increased residue re- 
duces water runoff, infiltration will, therefore, result in 
degradation of the groundwater. 


Study Objective 


The objective of this study was to determine if there were 
significant differences in pesticide use between tillage sys- 
tems. The hypothesis that farmers using conservation till- 
age systems did not apply a significantly different amount 
of pesticides than farmers using conventional tillage sys- 
tems was investigated. The percent of acres treated, num- 
ber of pesticide applications, and quantity of active ingredi- 
ent applied were analyzed in the study. If pesticide levels 
are not greatly different, some cost savings, from de- 
creased labor and machinery costs, of switching to conser- 
vation tillage systems should be realized as increased net 
returns. 


Significance tests (difference between two means) compar- 
ing each tillage system with each other system in the same 
year were carried out using the "t" statistic at the 5 percent 
level (95 percent level of confidence). This test utilized a 
program, PC CARP, to compute the weighted "t" tests for 
survey data. This program was developed at the Iowa 
State University Statistical Laboratory (16). 
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Corn — Herbicides 


Because conservation tillage systems, particularly no-till 
and ridge-till, reduce the options for mechanical weed con- 
trol prior to planting, herbicide treatments might be ex- 
pected to substitute for tillage activities. Survey results, 
however, indicate little difference among tillage systems in 
the percentage of acres treated with herbicides (table B1). 


The average number of applications (treatments) with no- 
till was not significantly different than for other tillage sys- 
tems, except for being greater than conventional tillage 
with the plow in 1991 and less than mulch-till in 1992. 


In addition, there was very little difference in the pounds 
of active ingredient (a.i.) applied (table B1). No-till levels 
were not significantly different than any other tillage sys- 
tem in 1990. In 1991, no-till systems used significantly 
greater amounts of a.i. than conventional tillage systems. 
In 1992, no-till a.i. use was higher than conventional till- 
age with the plow and mulch-till but not significantly dif- 
ferent than conventional tillage without the plow. 


These results also indicate that the number of treatments 
does not appear to be a reasonable proxy for pounds of ac- 
tive ingredient applied. 


Application rates for mulch tillage were sometimes higher 
and sometimes lower than the rates of other systems. 
These differences were often not significant. 


Significantly lower application rates occur with ridge-till 
compared to the other systems. Ridge-till systems, 2 per- 
cent of the total acreage (32), use mechanical cultivations 
to kill weeds between the rows as they rebuild the ridges. 
Chemicals are often applied in bands along the rows at the 
same time, thus resulting in the application of about a third 
of the herbicide that would be used in broadcast applica- 
tions. Using mechanical cultivations as a substitute for her- 
bicide use and banding some herbicide applications tends 
to lower the average application rate per acre. 


The lack of a consistent pattern in herbicide a.i. application 
rate per acre would indicate that the tillage system was 
probably not the principal reason for the differences. 

Other elements such as weather, soil type, tillage system 
experience, and inherent weed problems could be more in- 
fluential factors. The relative impact of these factors may 
also vary from year to year. 


One apparent difference between tillage systems is that 
combination mixes are used more with no-till systems. 
Herbicide can be applied as a single active ingredient or as 
combination mixes where two or more active ingredients 
are combined and applied in one trip over the field. Herbi- 
cide combinations broaden the spectrum of weed control 
and can be either premixed products, or individual prod- 
ucts mixed in a spray tank before field application. 


For most tillage systems, about 50 percent of the acreage 
treated with herbicides received a combination mix (table 
B1). For no-till, a greater proportion of acreage was 
treated with mixes (60 percent), and these mixes were 
often combinations of three or more chemicals. This in- 
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crease is short-term and is due to a broader spectrum of 
weeds resulting from decreased tillage operations and no 
incorporation of preplant herbicides into the soil (73). 
Other factors may be an attempt to minimize trips over the 
field and the possibility that no-till operators mix chemi- 
cals to target specific weeds. Effective control often de- 
pends on spraying weeds at the right stage of growth, plant 
stress, etc. Consequently, different management skills are 
required to control weeds with no-till (27). 


The pounds of a.i. per acre-treatment increase as more in- 
gredients are combined. Acre-treatments are the number 
of acres treated, multiplied by the average number of appli- 
cations during the growing season. Since no-till systems 
use more three-way and four-way combinations, one 
would expect an increase in the amount of a.i. per treated 
acre. The data reflect this, even though the higher level is 
not always statistically significant. Again, this indicates 
the impact of factors other than tillage systems. 


A slight increase in the amount of a.i. per acre is also con- 
sistent with the finding that during the first 2 or 3 years 
with a no-till system, operators often use more herbicides 
(25). New users of no-till are indicated by the steady in- 
crease in no-till acreage from 1988 to 1992 (31, 32). How- 
ever, once they become familiar with the no-till system 

and the weed seeds in the top few centimeters of the soil 
have been controlled, herbicide use declines to below that 
of the previous tillage system (13, 25). 


With tillage, a portion of the weed seeds produced annu- 
ally are incorporated into the soil and become dormant. In 
addition, some new seeds and some dormant from pre- 
vious tillage are brought up into the germination zone near 
the surface where they are likely to germinate. This is an 
annual occurrence with tillage and provides a continual 
source of weed seeds (26). 


Without tillage, dormant weed seeds are not brought up, 
but most of the seeds produced that year are near the sur- 
face and may germinate. This can cause an increased 
weed problem until these weeds can be controlled. Once 
this surface reservoir of weed seeds has been depleted and 
weed populations have been controlled, many long-term 
no-till practitioners say that the weed problem is limited to 
a few specific weed species and the level of herbicide use 
can be decreased, perhaps to only some spot treatments 
(25). 


Thus, a reduction in tillage can have the effect of increas- 
ing the germination of newly produced weed seeds over 
the short term, resulting in the need for more combination 
mixes and/or more herbicides. On the other hand, the res- 
ervoir of dormant weed seeds resident in the soil is not 
transferred to the germination zone near the soil surface by 
tillage. Consequently, the weed problem may decrease af- 
ter a few years, if fields are converted to conservation till- 
age and if effective weed control is practiced (13). In addi- 
tion, crop residue mulches may help reduce weed seed 
germination. Therefore, the need for herbicides in future 
years is expected to decrease on no-tilled fields. 


The type of a.i. did not show wide variation in incidence 
across tillage systems for corn (10). Atrazine, alachlor, cy- 
anazine, and metolachlor were the most frequently used, 
either singly or in combination mixes. These four prod- 
ucts accounted for over 80 percent of the total pounds of 
a.i. applied with each tillage system (34). EPTC was fre- 
quently used with conventional and mulch tillage but not 
with no-till because it must be incorporated into the soil or 
it is lost by volatilization. 


Corn — Insecticides 


The use of insecticides occurs much less often than herbi- 
cide use. The percent of planted acres treated with insecti- 
cides was consistently greater for ridge-till than the other 
systems (table B1). Much of the ridge-tilled corn follows 
corn, which increases the probability of damaging insects, 
particularly the corn rootworm larvae. In addition, row 
planting on ridges quite often occurs very near the same 
- slot as previous plantings. Soil insects, such as corn root- 
worm larvae, remaining from the previous year will also 
be near this slot. This greater probability of proximity of 
the new crop and harmful insects may also contribute to 
the increased insecticide use with ridge tillage. The other 
tillage systems averaged around 30 percent treatment. No- 
till systems had lower insecticide use than the other sys- 
tems in each year. 


The number of treatments showed some variation, with 
ridge-till always higher. The variations were not statisti- 
cally significant, possibly due to the small number of sam- 
ple observations using insecticides. 


The average pounds a.i. of insecticide per treated acre also 
were not significantly different between systems. How- 
ever, a lower rate was consistently reported for no-till than 
for the other systems. Since a larger insect problem (re- 
quiring greater use of insecticides) is associated with con- 
tinuous corn rotations, this lower rate may be illustrating 
the fact that no-till systems are normally better suited to 
the use of rotations than for continuous cropping (19). 


Corn -- Weed Control Cultivations 


Since mechanical weed control cultivations do not enter 
into the definition of tillage systems, they may be used as 
a pest control alternative and can be a substitute for herbi- 
cides. However, these cultivations do have disadvantages. 
Cultivation interrupts the buildup of organic matter and the 
activity of earthworms and microorganisms. It also tends 
to "till" the soil which brings up dormant weed seeds and 
stirs up seeds near the surface. This activates germination 
of another "flush" of weeds. 


Cultivation can also expand the perennial weed problem 
by spreading the rhizomes and tubers. In the long run this 
would tend to maintain a continuous weed problem (25). 
Without soil tillage (a no-till system without mechanical 
cultivation), long run effects include a decreased weed 
problem and increased organic matter due to greater micro- 
organism and earthworm activity. 


The percentage of no-tilled acres that received mechanical 
weed control cultivations was much less than for other till- 
age systems (table B2). However, of the cultivated acres, 
the number of cultivations averaged about 1.2 to 1.5 for all 
tillage systems except for ridge-till (1.8). This may reflect 
increased weeds for the initial years of no-till and indicate 
that greater chemical use may not be the only alternative 
for controlling weeds. Ridge tillage systems normally use 
one to two mechanical cultivations during the season to 
maintain the ridges in addition to controlling weeds. 


Soybean — Herbicides 


Pesticides other than herbicides are not frequently applied 
to soybeans under any crop residue management system. 
Insecticides were applied to less than 3 percent of soybean 
acres across all tillage systems. Fungicide applications 
were made on less than 1 percent of the soybean acres. 
No analysis of the use of these other pesticides by tillage 
system was made. 


Soybean acreage was broken into two regions for analysis 
because of wide differences in input usage and tillage sys- 
tems. Within this analysis, the northern region consists of 
Illinois, Indiana, Iowa, Minnesota, Missouri, Nebraska, and 
Ohio. The southern region includes Arkansas, Georgia, 
Kentucky, Louisiana, Mississippi, North Carolina, and 
Tennessee. 


As with com, survey results indicate no consistent pattern 
in the differences among tillage systems in the soybean 
acres treated with herbicides (tables B3 and B5). Treated 
acres ranged from 94 to 100 percent in the northern area 
and from 78 to 98 percent in the southern area. There was 
some variation between years and between tillage systems. 
In the northern area, the percentage of treated acres tended 
to be lower with no-till than for other tillage systems. 


The number of treatments (separate field operations) varies 
across years and tillage systems. The differences for some 
years and for certain tillage systems were sometimes sig- 
nificant. The average number of herbicide applications on 
treated acres ranged from 1.2 to 1.8 in both regions. 


The level of a.i. per treated acre was higher for no-till, due 
to the increased number of treatments and the greater use 
of three-way and four-way combination mixes. However, 
these rates were not always significantly greater than for 
other systems. For example, no-till rates were not signifi- 
cantly different from conventional tillage with the mold- 
board plow in the northern area in 1991 and in the south- 
em area in 1992. 


As with corn, soybeans grown with mulch tillage some- 
times used less and sometimes more herbicides per acre, 
but often not significantly different than for other tillage 
systems. 


These results indicate that the tillage system was probably 
not the primary reason for these differences. Other factors 
such as weather, soil type, tillage system experience, and 

inherent weed problems could be more important determi- 
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nants. Yearly variation may also occur in the relative im- 
pact of these factors. 


Unlike corn, the type of a.i. applied did vary across tillage 
systems in soybean production (/0). Trifluralin was the 
most widely used active ingredient in both conventional 
tillage systems and mulch tillage. It had an average appli- 
cation rate of 0.87 pounds per acre. Trifluralin is applied 
preplant and incorporated into the soil with a tillage imple- 
ment. 


For no-till and ridge-till systems, no single active ingredi- 
ent or combination mix was clearly dominant in the north- 
em region before 1990. Since 1990, imazethapyr has be- 
come the most widely used a.i. with northern area no-till 
systems, at an average rate of 0.06 pounds per acre. 
Imazethapyr can be applied preplant incorporated, preemer- 
gence, or postemergence. It controls many broadleaf 
weeds and certain grasses. 


In the southern region, the most commonly used ingredi- 
ents with no-till were glyphosate and fluazifop, at average 
rates of 0.85 and 0.15 pounds per acre (J0). Glyphosate is 
applied before the soybeans emerge to kill existing vegeta- 
tion and fluazifop is a postemergence treatment. 


The use of active ingredients with lower application rates 
explains the lower pounds of a.i. applied per acre-treat- 
ment for no-till as compared to conventional tillage with 
the moldboard plow. This is particularly true for the single 
ingredient and two-way combinations. For most years, a 
greater number of treatments pushed up the total pounds of 
a.i. per acre for the no-till system. However, in 1989, the 
number of treatments were not significantly different 
among any of the tillage systems (/0). 


While the average number of herbicide applications is simi- 
lar for all tillage systems for soybeans, the use of combina- 
tion mixes is more prevalent with no-till systems. About 
50-70 percent of the herbicide acre-treatments in conven- 
tional and mulch tillage were applications of single active 
ingredients (tables B3 and BS). However, for no-till, less 
than 50 percent of the acre-treatments were single prod- 
ucts. 


Although combinations of two or more active ingredients 
are common in all tillage systems, no-till contained more 
with three or more ingredients. Increased herbicide combi- 
nations with no-till are due to a broader spectrum of weeds 
in the short run, resulting from decreased tillage operations 
and no incorporation of preplant herbicides into the soil 
(13). Other factors may include the attempt to minimize 
trips over the field and that no-till operators, more depend- 
ent on herbicides for weed control, target weed control ef- 
forts more effectively by using a.i. combinations. 


Soybean — Weed Control Cultivations 


About 75 percent of the soybean acreage was planted with 
a row planter, 76 percent in the northern area and 74 per- 
cent in the southem area. Acres planted with a row planter 
are called "wide-row" as opposed to those planted with a 
drill. Only the wide-row soybeans have the potential for 
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mechanical cultivation. In the northern area, the majority 
of the no-till soybeans were planted with a drill (narrow- 
row), 60 to 80 percent (table B4). In the southern area, 
about the same percentage of the no-till soybeans were 
wide-row planted (table B6). Except for ridge-till, which 
is wide-row by definition, the soybeans with the other till- 
age systems were also about 60 to 80 percent wide-row for 
both areas. 


Mechanical weed control cultivations, on the acres that 
were row planted and cultivated, averaged about 1.5 times 
for the northern area across all tillage systems, with ridge- 
till being higher in some years (table B4). The southern 
area averaged about 2.0 times for all tillage systems (table 
B6). A smaller percentage of no-tilled acres were culti- 
vated than for other tillage systems. 


Tillage Systems, Chemical Use, and Water Quality 


The behavior of chemicals in the environment is deter- 
mined by their interrelationship with soil, plants, and 
water. The movement of chemicals from the point of appli- 
cation to ground or surface waters depends on a complex 
interaction between a variety of site specific factors. 
These factors range from the climate and the hydrologic, 
geologic, and topographic characteristics of the land sur- 
face to the inherent characteristics of the soils and the ap- 
plied chemical materials (28, 35). Pesticide materials that 
are highly mobile and long lived in the environment are 
less desirable than those that are short lived and immobile 
because they adhere tightly to the targeted material or the 
soil. 


The fate of applied chemicals is particularly dependent on 
the respective properties of the active ingredients, such as 
their adsorption, persistence, solubility, and volatility char- 
acteristics (11, 13, 37). Chemicals with high water solubil- 
ity and low adsorption characteristics are highly mobile 
and possess the potential for loss through surface runoff or 
subsurface drainage (leachate). 


Pesticides that are strongly sorbed (adsorbed or absorbed) 
by soil, sediment particles, or organic matter are protected 
from chemical or biological degradation and volatilization 
while sorbed to these materials. Pesticides that are tightly 
held will not readily leach to groundwater and will be 
found in surface water runoff only under erosive condi- 
tions where the particles they are attached to are washed 
off the fields. The soil sorption property is a major factor 
affecting the pollution potential of a particular pesticide 
(37, 38). 


The behavior of chemical compounds in the environment 
is also influenced by the application method. For exam- 
ple, whether a pesticide is applied to foliage or the soil, or 
incorporated into the soil makes a big difference in bow 
easily the application deposits can be dislodged by rain, 
and thus be leached into the soil or transported in surface 
runoff. Soil incorporation physically lowers the suscepti- 
bility of a pesticide to volatilization and thereby increases 
its persistence (37). 
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Pre-emergence herbicides are generally tilled into the soil 
where they must be mobile and persistent for a sufficient 
period of time to make contact with and destroy weed seed- 
lings throughout the expected weed germination period. 
These enhanced mobility and persistence properties also fa- 
cilitate the migration of pre-emergence chemicals in the en- 
vironment through surface water runoff or percolation to 
ground water. 


Post-emergence and burndown herbicides are generally 
less mobile and less persistent, and, therefore, less likely to 
migrate from their target. Pesticides applied to plant foli- 
age, for instance, leave pesticide deposits that are highly 
vulnerable to photolysis and other degradation processes 
that reduce persistence and the potential for water pollu- 
tion (37). For example, glyphosate and paraquat, although 
highly soluble, are strongly adsorbed and rapidly converted 
to relatively harmless degradation products that reduce 
their potential for contaminating ground water. 


The difference in chemical properties between pre-emer- 
gence and post-emergence or burndown herbicides is im- 
portant when considering the environmental impact of her- 
bicide use between tillage systems. Tillage systems that 
employ herbicides with lower mobility and shorter persist- 
ence are preferable from a water quality standpoint to till- 
age systems that require herbicides with greater mobility 
and longer persistence (37). 


Therefore, when considering pesticide application rates be- 
tween tillage systems, to make a statement such as "two 
pounds a.i. (herbicide x) is more harmful to the environ- 
ment that 1.5 pounds a.i. (herbicide z)" may be totally un- 
true. The inherent toxicity of the active ingredients and 
their degradation products to nontarget species, and their 
mobility and persistence in soil and water determine their 
relative impact on the environment. However, a specific 
pesticide can be converted by environmental processes in- 
cluding hydrolysis, photolysis, and other processes into an 
important degradation product with different chemical prop- 

_erties (37). The real comparison that needs to be exam- 
ined is the type of a.i. by tillage system, not the total 
amount of active ingredients. 


Tillage systems employing newer pesticides that are highly 
toxic to targeted species but are used at much lower rates 
may be more environmentally desirable. Since for a given 
chemical, the amount of active ingredient being dissipated 
into the environment is generally proportionate to the 
amount applied, lower application rates translate into re- 
duced exposure of nontarget species to the side effects of 
these chemicals (37). 


Recent research indicates that under normal climatic and 
hydrologic conditions, crop residue management systems 
(including mulch-till, ridge-till, and no-till in particular) 
are no more likely to degrade water quality than other till- 
age systems (J, 2, 12, 14, 35). Several field studies (3, 
17, 20) conducted on small watersheds under natural rain- 
fali on highly erodible land (14 percent slope) have shown 
that no-till reduces soil erosion by more than 90 percent 
compared with moldboard plow tillage. Water runoff un- 
der field conditions was more variable depending on the 
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frequency and intensity of rainfall events but averaged 
about 30 percent of the amounts from moldboard-plowed 
fields (3, 17, 20, 29). Average herbicide runoff losses 
from treated fields with no-till systems for all products and 
all years were also about 30 percent of the runoff levels 
from moldboard-plowed fields (14). 


Summary and Conclusions 


The percentage of acres treated with herbicides, the num- 
ber of applications, and the pounds of a.i. applied per acre 
did not indicate consistent differences between tillage sys- 
tems in 1990, 1991, and 1992 corn and soybean produc- 
tion. Even though there were some statistically significant 
differences between tillage systems, these differences were 
not consistent across all years, tillage systems, or for all 
crops. 


Other studies have also shown that, while conservation till- 
age systems can change weed and insect problems and the 
kinds of herbicides and insecticides used, total use of herbi- 
cide and insecticide has not changed greatly when farmers 
convert to conservation tillage (13, 14, 22). Analysis of 
pesticide quantities by tillage system should conclude that 
appropriate conservation tillage systems should not in- 
crease the risk of undesirable impacts from pesticides on 
human health and aquatic life (/4). 


Therefore, these results suggest that it is not appropriate to 
state that conservation tillage systems, or a no-till system 
in particular, us¢s more herbicides than conventional till- 
age systems. This might be true for a specific crop for a 
particular year, but not consistently. Crop rotation, mois- 
ture availability and timing, nonchemical pest management 
practices, and other factors influencing pest populations 
probably have greater impact upon pesticide use in annual 
crop production than just the tillage system. The per- 
ceived negative aspects of conservation tillage systems, 
such as potentially higher pesticide and nitrogen use and 
greater leaching of chemicals because of increased infiltra- 
tion and macropores, appear to be unfounded (6). These 
results suggest that the use of conservation tillage systems 
should decrease the potential for water degradation. 


It is also inappropriate to compare pounds of active ingredi- 
ent between tillage systems and conclude that more is 
worse for water quality. Other a.i. properties, such as tox- 
icity, leachability, and persistence, have direct impact upon 
water quality and these properties can be considerably dif- 
ferent between active ingredients. This is particularly true 
for soybeans where there is wide variation in the active in- 
gredients applied with no-till systems compared to the 
other systems. Therefore, further study of pesticide use by 
tillage system and its relationship to water quality should 
focus on a.i. type and the relative impact of a.i. properties 
on water quality. 


The potential exists for problems with a broader spectrum 
of weeds with no-till and ridge-till, at least for the first few 
years after converting to these systems. Consequently, no- 
till and ridge-till systems for both crops often make greater 
use of combination mixes than other tillage systems in a 
likely response to these potential problems. Thus, there 


Agricultural Resources: Inputs/AR-32/October 1993 


could be a short-term conflict between conservation com- 
pliance plans specifying increased use of conservation till- 
age systems and water quality objectives to reduce pesti- 
cide use. However, indications are that these objectives 
become compatible after a few years. 
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Special Article 


Factors Influencing Agrichemical Use in 
Non-Irrigated Corn Production 


Biing-Hwan Lin, Harold Taylor, Herman Delvo, and Len Bull 


Abstract: Fertilizer and pesticide use has contributed to agricultural productivity 
growth and raised concems about health and environmental risks. Identification of 
less chemical-intensive production practices is an important step towards reducing 
agrichemical use. Field-level data for non-irrigated com produced in 10 States for 
the period of 1990-1992 are analyzed. The major findings are: (1) nitrogen and her- 
bicide use can be greatly reduced by switching from broadcast to band applications 
and from pre-plant to after-plant applications; (2) crop rotations are the most effec- 
tive means for reducing insecticide use, but crop rotations have only limited effect 
on the use of nitrogen and herbicides; and (3) a switch from conventional tillage to 
conservation tillage does not necessarily increase nitrogen and pesticide use. 


Keywords: Fertilizer use, pesticide use, tillage systems, crop rotations, commodity 


program, timing and method of application. 


Introduction 


Fertilizer and pesticide use has contributed to the modern- 
ization of agriculture, which is characterized by major 
changes in production techniques, shifts in input use pat- 
terns, and an impressive record of productivity growth. 
Agrichemical use, however, is also viewed as a double- 
edged sword because of concern about chemical residues 
in food and water, and other potential health and environ- 
mental risks. 


An array of fertilizer and pest management methods are 
practiced by farmers, resulting in a diverse pattern of 
agrichemical use. Additionally, agrichemical use is known 
to be influenced by other factors, including government 
programs and weather. By simultaneously analyzing the ef- 
fects of production practices and other factors (government 
programs, weather) on chemical use, less chemical-inten- 
Sive practices in non-irrigated corn production are identi- 
fied. The empirical results can be used to measure the po- 
tential reduction in chemical use in corn production by 
adopting less chemical-intensive practices. 


Literature 


Extensive research has been conducted to analyze the ef- 
fects of some production practices and government pro- 
grams on agrichemical use. In this study, the results re- 
ported in the literature are compared with the empirical 
results of an analysis of field-level data collected through 
the USDA Cropping Practices Survey (CPS) on corn. 
The literature review is focused on the production prac- 
tices included in the survey. 


i Agricultural economists, Resources and Technology Division, Economic 
Research Service, USDA. 
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Tillage Practices 


Over the past three decades, farmers have adopted several 
distinct tillage practices to prepare fields for planting. 
Over time, tillage systems have been defined in a number 
of ways and have different meanings to the agricultural 
community, making it difficult to develop historical trends 
in tillage practices (10, 13). The delineation of tillage prac- 
tices can be thought of as a continuum based on the 
amount of plant residue left on the field and the extent of 
soil disturbance. No-till and conventional-till (especially 
with the use of the moldboard plow) comprise the ex- 
tremes of the continuum. 


Conventional-till involves extensive field preparation prior 
to planting, incorporating 70 percent or more of the plant 
residue into the soil. The use of the moldboard plow in 
conventional-till almost eliminates plant residue, making it 
useful to classify conventional-till into two practices--con- 
ventional-till with and without the moldboard plow. 


Conservation tillage includes those systems (no-till, ridge- 
till, and mulch-till) that leave 30 or more percent of the 
plant residue on the soil surface after planting. No-till is a 
practice by which plant residue is left virtually undisturbed 
on the field surface. Planting is completed in a narrow 
seedbed or slot created by the planter or drill. Ridge-till is 
a system where the soil is left undisturbed from harvest to 
planting. At planting the ridges are cleared of plant resi- 
due for seedbed preparation, but plant residue is left undis- 
turbed in the row middles. Mulch-till encompasses all 
other systems where the soil is disturbed prior to planting 
but meets the criteria of more than 30 percent residue 
cover after planting. Detailed definitions of various tillage 
systems can be found in Bull (2). 


Adoption of conservation-till in major field crops, such as 
corn and soybeans, increased in the early 1980’s as farm- 
ers attempted to save labor, fuel, and machinery costs and 
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to achieve higher profits. Still, conventional-till has re- 
mained the predominant tillage practice in corn and soy- 
bean production. Reasons cited for farmers’ reluctance to 
adopt conservation tillage practices prior to 1980 were fear 
of reduced yields, greater weed problems, additional capi- 
tal investment in machinery, and reluctance to change prac- 
tices (13). 


Since 1985, conservation tillage practices have increased 
steadily. Between 1987 and 1992, on com acres, conven- 
tional-till with the moldboard plow declined from 21 to 12 
percent, conventional-till without the moldboard plow 
dropped from 60 to 49 percent, mulch-till increased from 
14 to 25 percent and no-/ridge-till rose from 5 to 14 per- 
cent (40, 42). Between 1988 and 1992, on soybean acres, 
conventional-till with the moldboard plow decreased from 
22 to 10 percent, conventional-till without the moldboard 
plow declined from 63 to 53 percent, while mulch-till in- 
creased from 12 to 22 percent and no-/ridge-till rose from 
4 to 15 percent (42). 


Increases in the adoption of conservation tillage are mainly 
caused by the conservation compliance provisions of the 
1985 and 1990 farm acts that require farmers to implement 
conservation plans on highly erodible land (HEL) by 1995 
or lose program benefits. There currently are 148 million 
acres of cropland that have been determined to be HEL, of 
which 141 million acres have approved USDA conserva- 
tion plans. These plans include crop residue management 
as part of the recommended treatment on about 75 percent 
of the 110 million HEL acres planted to crops. 


The effects of conservation tillage on input use, crop 
yields, and economic returns have not been conclusively 
determined (13). A common view is that conservation till- 
age requires more nitrogen fertilizer than conventional till- 
age because cooler and more moist soils slow the minerali- 
zation of nitrogen and promote denitrification (8). Fewer 
tillage operations and mechanical cultivations for weed 
control with conservation tillage may require additional 
-herbicide use. More herbicides, insecticides, and fungi- 
cides may be required with conservation tillage because 
the additional plant residue provides an environment for 
pest development and ties up a portion of the pesticide ma- 
terial applied. 


The above views have not been supported in some empiri- 
cal studies. In an analysis of field-level data for corn and 
soybean production in 1980, Duffy and Hanthorn (13) re- 
ported almost no difference in chemical use between con- 
ventional and conservation tillage systems. Consequently, 
Logan et al (26) conclude that the perceived greater use of 


2 Most studies analyzing differences in input use among tillage systems 
have been experimental in nature and for particular soil types (13). Because 
agricultural production is subject to many sources of variability, experimental 
results may not prevail uniformly across highly varied conditions (25). There- 
fore, care should be exercised in generalizing the results of plot studies for 
policy-making purposes. 
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nitrogen and pesticides with conservation tillage appear to 
be unfounded. Obviously, agrichemical use is influenced 
by an array of factors, and some of them (such as cropping 
patterns, application timing and methods, government pro- 
gram, etc.) may have greater impacts than tillage systems. 


Rotation 


Crop rotation involves planting different crops succes- 
sively in the same field. Compared to continuous crop- 
ping, crop rotation provides two types of benefits related 
to chemical use. Crop rotations maintain soil moisture and 
fertility, and thus reduce farm-level demand for fertilizer. 

It has been shown that rotations can increase grain crop 
yields beyond those achieved with continuous cropping un- 
der similar conditions (35, 5, 17, 19, 33, 43). 


Another major benefit of crop rotations is the control of in- 
sects, diseases, and weeds; particularly insects and diseases 
that attack the plant roots (6). Rotating crops to control in- 
sects has a long history and was one of the most important 
methods of insect control before insecticides came into 
general use (37). During the early 1940’s, little or no in- 
secticides were applied to corn, and losses to insects were 
small. Since then insecticide use in corm production has in- 
creased dramatically and losses to insects also increased ap- 
preciably, mainly due to increased continuous cropping 
(34). 


Rotating com with another crop, such as soybeans, can sig- 
nificantly reduce the amount of insecticides needed for 
treating corn rootworm larvae, a major com insect. 

Among the 60.4 million corn acres in the 17 major produc- 
ing States in 1991, 24 percent were in 3-year corn, 12 per- 
cent were in 2-year corn, 46 percent were in the corn and 
soybean sequence, and the remaining 18 percent had other 
crops (mainly fallow, alfalfa, wheat, and oats) as the pre- 
vious crop (41). 


Crop rotations can be effective in interrupting the develop- 
ment of the disease and weed life cycle (27, 39). Rotating 
crops is possibly the oldest and most widely practiced di- 
versification strategy used in agricultural production for 
disease control (7). Plant pathogens usually have narrow 
host ranges and will not survive in the absence of the host. 
For example, crop rotations are known to reduce many dis- 
eases in wheat and tobacco production (36). 


Weeds having the same life cycle as the crop tend to in- 
crease rapidly when the crop is grown continuously. For 
example, in continuous corn, summer annual weeds, both 
grasses and broadleaves, would tend to dominate. When 
corn is followed by winter wheat, the intensities of the 
summer annual weeds decrease because winter wheat com- 
petes with weeds in the early spring, thus reducing germi- 
nation and their further establishment (39). While some 
weed control can be accomplished by crop rotations, weed 
ao usually is not a primary purpose of crop rotations 
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Application Timing and Methods 


Timing and method of application greatly influence the 
amount of agrichemicals applied and thus have important 
agronomic, economic, and environmental ramifications. 
Many experimental plot studies have been conducted by 
plant and weed scientists to examine the effects of timing 
and method of chemical applications on nutrient uptake by 
plants, weed control, and yields. However, little analysis 
has been done with farm-level data. 


Pre-plant applications of nitrogen are relatively inefficient 
because of denitrification, leaching, and run-off, whereas 
late-applied (sidedressed) nitrogen is used more effectively 
by plants (15). In an experimental plot study, it was 
shown that the corn yield achievable with 160 pounds of 
fall-applied nitrogen could also be obtained with only 80 
pounds of sidedressed nitrogen (23). However, price incen- 
tives, resource limitations, and the potential for a wet 
spring often encourage farmers to apply some nitrogen in 
the fall. Consequently, split nitrogen applications provide 
farmers with more flexibility than a single application 
either before planting or in later spring (30). In 1992, 
about 28 million acres of corn in the 17 major producing 
States (or 39 percent of planted acres) received a single, 
pre-plant nitrogen application; 32 million acres (or 49 per- 
cent of planted acres) received split nitrogen applications 
before, at, or after seeding; 3 percent of acres were not 
treated with nitrogen; and the remaining 9 percent were 
treated exclusively either at or after seeding. 


Soil-applied, pre-emergence herbicides have been the foun- 
dation of row crop weed control for the past 30 years (22). 
In 1992, about 41 and 64 percent of corn and soybean 
planted acres, respectively, received pre-plant herbicides. 
(Herbicides applied before planting are usually, but not nec- 
essarily, pre-emergence herbicides). Post-emergence herbi- 
cides are considered more environmentally sound than pre- 
emergence herbicides because they have little or no soil 
residual activity. There is a trend toward using more post- 
emergence herbicides, which is expected to accelerate in 
the future for two reasons (22). First, the introduction of 
new post-emergence herbicides and the sharp decrease in 
cost of several older post-emergence herbicides. Second, 
conservation tillage has increased and will continue to in- 
crease, limiting the option of incorporating pre-emergence 
herbicides into the soil. 


Farmers are expected to pay more attention to the use of in- 
tegrated pest management (IPM) in weed control. With 
IPM, farmers determine the need for treatment and select 
the herbicide after the weed problem has been identified. 
The weed IPM strategy has been augmented in recent 

years by research data on weed threshold levels, and the 
development of computer software programs to aid farm- 
ers in evaluating various weed control strategies. How- 
ever, there are limitations to total post-emergence pro- 
grams. Greater attention must be paid to management 
details, such as close monitoring of weather conditions and 
weed development. Post-emergence herbicides provide 
good control of annual weeds when they are small, but 
may not be effective in controlling large weeds. Because 
rain may prevent timely applications of pest-emergence her- 
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bicides, total post-emergence programs are considered 
more risky than pre-emergence programs. 


Fertilizers and pesticides are generally applied as banded 
or broadcast treatments. The best method of fertilizer ap- 
plication depends on many factors, including soil fertility 
and tillage system (11). In general, broadcast application 
requires a rate much greater than the banded rate. But 
farmers may choose to broadcast fertilizer in order to build 
up soil fertility or because of economic reasons; broadcast 
saves labor and time at planting and allows application of 
bulk materials that may be lower priced. 


Herbicide application rates per acre vary greatly between 
application methods. In general, the per-acre herbicide ap- 
plication rate for banding is about one-third of the broad- 
cast rate for com and soybeans. While band application 
saves materials and thus is more environmentally friendly, 
the broadcast method saves labor and time because the 
weeds in the row middles are also controlled, reducing the 
need for mechanical cultivation. 


Farm Programs 


The literature is replete with analyses of the effects of 
farm programs on chemical use. The majority of research 
findings suggest that farm programs, especially commodity 
programs, have increased chemical use in agricultural pro- 
duction (38, 20, 31, 44, 17, 4). However, the findings 
were not supported in some studies (16, 18). As stated by 
Mjelde et al (29) "Input intensity differences between pro- 
gram participants and non-participants is a complicated is- 
sue." Indeed, farm programs may influence agrichemical 
use through several channels (28, 44, 31), as discussed 
below. 


First, farm programs raise prices of and reduce price vari- 
ations in program crops. Higher prices mean higher mar- 
ginal revenues for inputs, and hence motivate additional in- 
put use. For risk-averse farmers the price guarantee 
provided by target prices or loan rates may encourage addi- 
tional non-land input use. 


Second, deficiency payments are tied to the base acreage 
and program yields. Base acreage (before 1990) and pro- 
gram yields (before 1985) were computed by means of a 5- 
year moving average. The need to maintain base acreage 
for program crops imposed inflexibility in cropping pat- 
terns (9). The cross-compliance provision of the Food Se- 
curity Act of 1985 served as an effective financial barrier 
to diversification into other program crops, for which farm- 
ers do not have base acres. The inflexible cropping pat- 
terns induced by farm programs are dominated by major 
program crops (21, 14) because of the need to maintain 
base acreage. Because some program crops (mainly com) 
are more agrichemical-intensive than non-program crops 
(with the exception of fruits and vegetables), the base acre- 
age requirement has contributed to increased chemical use. 


The 1990 farm act permits farmers the flexibility to plant 
15 to 25 percent of their base acreage to program or speci- 
fied other crops without losing future base acreage, hence 
providing some flexibility in cropping patterns. Before 
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1985, documentation of higher yields contributed directly 
to increased program payments in future years. Therefore, 
farmers might have applied additional non-land inputs to 
increase future program benefits. Currently, program 
yields have been frozen at the 1981-1985 level so the in- 
centive for increasing yields to gain future program bene- 
fits has been removed. 


Third, farm programs may affect agrichemical use through 
the Acreage Reduction Program (ARP). When ARP is an- 
nounced, farmers have to set aside a certain percentage of 
the base acreage in order to be eligible for loans and defi- 
ciency payments. ARP may increase or decrease 
agrichemical use. 


Because few chemicals are applied to set-aside acres, a re- 
duction in total cropped area may reduce total agrichemi- 
cal use. Further, cover crops can be planted on set-aside 
land as green manure and hence reduce fertilizer needs the 
following year. Also, surplus fixed factors (e.g., equip- 
ment and management) can substitute for agrichemical in- 
puts in the short run (3). For example, mechanical cultiva- 
tion can substitute for herbicides, and scouting to 
determine economic thresholds may improve the efficiency 
of insecticide use. 


However, if the quality of land in a farm is heterogenous, 
then farmers may actually idle poor quality land. This slip- 
page may affect per-acre agrichemical use in two ways: 
agrichemical use (e.g., fertilizers) increases with land qual- 
ity; and ARP reduces total supply of the program crop, and 
bids up the price and marginal return of the program crop. 


Empirical Results 


The influence of production practices and government pro- 
grams on agrichemical use is a complex issue, and contra- 
dicting views and research findings exist in the literature. 
Further, results of experimental plot studies may not pre- 
vail in actual farm operations. In order to more accurately 
identify and quantify the factors that influence agrichemi- 
cal use, we conducted a regression analysis utilizing cross- 
sectional, field-level production data. 


Data 


Detailed data on some input use (mainly fertilizer and pes- 
ticides), selected production practices, commodity program 
participation, and yields have been collected annually since 
1990 through the USDA’s Cropping Practices Surveys for 
major field crops. The data collected on corn for 1990 
through 1992 are analyzed. 


The corn survey covers 17 major producing States. Be- 
cause irrigated and non-irrigated com production tend to 
have different agrichemical use patterns and because the 
majority of corn acres are non-irrigated, the analysis was 
focused on non-irrigated com production. Similarly, the 
analysis was focused on corn grain production (sweet corn, 
silage, and other corn acres are excluded). Since irrigated 
corn production is concentrated in Nebraska and Kansas, 
all observations in these two States were excluded. To fur- 
ther reduce variations in agrichemical use due to regional 
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factors (such as climate, distinct pest problems, etc.), obser- 
vations from Georgia, North Carolina, Pennsylvania, South 
Carolina, and Texas were also excluded. The remaining 10 
States (Illinois, Indiana, Iowa, Michigan, Minnesota, Mis- 
souri, Ohio, South Dakota, Wisconsin, and Kentucky) were 
included in the analysis. 


Common tillage practices reported include conventional-till 
with or without the moldboard plow, mulch-till, and no- 
till. Ridge-till was reported for less than 1 percent of the 
remaining observations and thus were excluded from the 
analysis, resulting in a total of 9,287 observations that 
were available for analysis, representing 66 percent of U.S. 
com production. 


Nitrogen, herbicides, and insecticides are the major 
agrichemicals used in corn production, and analyzed in 
this study. Nitrogen use was measured in terms of pounds 
per acre, while two measures of herbicide and insecticide 
inputs were used: total pounds or total cost per acre of ac- 
tive ingredients applied. Many pesticide active ingredients 
are used in corn production and their prices and efficacy 
vary widely. Prices of herbicide and insecticide active in- 
gredients were obtained from various sources. NASS’s an- 
nual Pesticide Price Survey provided State-level prices for 
selected herbicides and insecticides. The NASS price in- 
formation was supplemented with national average prices 
reported by DPRA Inc. (12) or manufacturers suggested re- 
tail price lists. 


Weather affects nitrogen and pesticide use. Rain before 
winter freeze-up Causes nitrogen run-off and leaching 
while excessive rain in the spring may result in wet fields 
and may thus prevent nitrogen application. The level of 
pest infestation strongly influences pesticide use. 


Temperature was used as a proxy for pest infestation. 
County-level precipitation and temperature on a monthly 
basis were obtained from the National Oceanic and Atmos- 
pheric Administration. 2 


Estimation Procedures and Limitations 


While a random sample was drawn for each of the 10 
States analyzed, samples across States had unequal 
chances of selection. Each observation was weighted by 
the number of acres it represented in the regression estima- 
tion. Most of production practices were recorded as 
whether or not they were adopted, and thus were repre- 
sented by dummy variables. When there were multiple 
dummy variables created for a particular production prac- 
tice, one of the dummy variables was excluded from the es- 
timation and the excluded variable was termed the base 
variable. 


For example, there were four tillage systems analyzed and 


conventional-till with the moldboard plow was the base 


3 The number of growing degree days has been suggested as a good proxy 


for pest infestation (1). Some States, such as Nebraska, have regularly reported 
growing degree days for various locations. However, a compilation for the 
10 States during 1990-1992 was impractical. 
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variable. The t-values of the estimated coefficients for the 
three tillage systems (conventional-till without the mold- 
board plow, mulch-till, and no-till) indicated whether these 
tillage systems used significantly different amounts of 
chemicals (or require different treatment costs) than the 
base tillage variable. A separate t-test was performed in or- 
der to find out if a particular pair of the three included till- 
age systems (or other production practices) used different 
amounts of chemicals. 


When preliminary analyses indicated that both participa- 
tion in the feedgrain program and cropping sequences influ- 
enced chemical use, interactive dummy variables were 

used in the final analysis. These interactive variables 
showed whether program effects varied across cropping se- 
quences, and vice versa. 


Theoretically, numerous interactive dummy variables could 
be created among the factors included in the analysis, but 
we focused on the interactive effects between commodity 
program and cropping sequences because the literature sug- 
gests that the commodity program has imposed inflexibil- 
ity in cropping sequences. Given the degree of inflexibil- 
ity in cropping sequences (i.e., the probability of switching 
from a diversified cropping pattern to continuous corn un- 
der program), the regression results could be used to calcu- 
late the direct effect of commodity program on chemical 
use as well as the "indirect" effect channelled through 
changes in cropping sequences. The influence of commod- 
ity programs on cropping sequences was not investigated 
in this study. Therefore, the program effect was only par- 
tially analyzed since only the direct effect is estimated. 


Some empirical results reported in this study need to be in- 
terpreted with care. Agrichemical use varies greatly by re- 
gion (e.g., pest infestation is related to climate). In the 
analyses, we included county-level precipitation and tem- 
perature and the corn maturity length, which also varied by 
region. Thus, the estimated coefficients of these variables 
might have captured the effects of some regional factors 
that were not represented in the model. However, the in- 
Clusion and exclusion of these variables, in general, had lit- 
tle impact on the estimated coefficients of the production 
practices which were the focus of the study. 


Nitrogen Use 


Farmers often determine their nitrogen application rates 
based on their target yields. The CPS is an add-on to the 
USDA Objective Yield Survey, and about 40 percent of the 
CPS samples overlapped with the OYS samples and thus 
reported yields. Those CPS samples that had no yield in- 
formation were excluded from the analysis of nitrogen use, 
resulting in 3,597 observations being analyzed. Table C-1 
lists parameter estimates, t-values, and other summary sta- 
tistics of the estimated linear regression model for nitrogen 
use. The R? and adjusted R? were around 29 percent, indi- 
cating a reasonable goodness-of-fit for cross-sectional data. 


Three tillage systems were represented by dummy vari- 
ables, and conventional-till with the moldboard plow was 
the base variable. The t-values reported in table C-2 sug- 
gest that farmers who practiced conservation tillage (mulch- 
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till and no-till) used about the same amount of nitrogen as 
farmers who practiced conventional-till with the mold- 
board plow, at the 5 percent significance level. Separate t 


Table C-1. Factors affecting nitrogen use 
Coeff. t-value 
lbs/ac 

Constant -0.97 -0.12 
Convent-till with MBP 1/ base variable 
Convent -til1l w/o MBP 2/ 6.02 2.40 
Mulch-till 3.72 1.27 
No-till 1.99 0.56 
3-year Corn base vartable 
2-year Corn -3.33 -1.12 
Corn/Soybean -3.76 -1.65 
Corn/Other -9.22 -3.16 
Pre-plant Applications 4.29 2.52 
Band Applications -56.99 -16.17 
Program Participation -0.63 -0.33 
Early Season Maturity -11.80 -6.03 
Medium Season Maturity base variable 
Full Season Maturity 3.53 1.45 
Precipitation Winter 3/ 3.75 11.77 
Precipitation Spring 3/ -0.72 2.38 
Manure Applied -12.96 -5.70 
Nitrogen Inhibitor 17.56 6.49 
Yield 4/ 0.23 7.91 
Seeding Rate 5/ 3.50 11.55 
Year 1990 7.33 2.33 
Year 1991 9.90 3.35 


1/ Conventional-till the moldboard plow. 

2/ Conventional-till without the moldboard plow. 
3/ Measured in inches. 

4/ Measured in bushels per acre. 

5/ Measured in 1,000 kernels per acre. 


Table C-2. Factors affecting herbicide use and cost 

Use Cost 

Coeff. t-value Coeff. t-value 

lbs/ac $/ac 
Constant -2.70 -5.60 4.66 1.80 
Convent-till with MBP base variable 
Convent -till w/o MBP 0.15 3.05 1.16 4.57 
Mulch-ti11 0.11 1.99 1.89 6.60 
No-till 0.18 2.66 2.54 7.03 
3-Year Corn & Program base variable 
2-year Corn & Program -0.03 -0.39 -0.11 -0.31 
Soybean/Corn & Program -0.04 -0.88 -0.60 -2.33 
Other/Corn & Program “0.19 -2.92 -1.22 -3.46 
3-Year Corn & No Program -0.10 -1.30 “1.63 -3.83 
2-year Corn & No Program -0.38 -4.20 “2.74 -5.65 
Soybean/Corn & No Program -0.17 -2.76 “1.33 -4.12 
Other/Corn & No Program “0.15 -1.70 “1.98 -4.24 
Mechanical Cultivation -0.17. -7.01 -0.65 -5.10 
Pre-Plant Applications 0.28 7.81 “1.76 -9.32 


‘ 
oS 
. 
n 
= 
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Band Applications 11.53 “3.14 -11.13 


Farmer Self Applications -0.05 -1.59 -1.20 -7.28 
Cover Crop -0.86 -1.06 “1.07 -2.46 
Seeding Rate 0.06 12.30 0.54 19.43 
Temperature 1/ 0.07 9.75 0.04 1.22 
Year 1990 0.20 §.24 -2.05 -10.11 
Year 1991 -0.38 7.14 -1.08 -3.84 
R-Square 0.10 0.12 

Adj. R-Square 0.09 0.11 

1/ Measured in degrees Fahrenheit. 
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tests, unreported, further indicated no differences in nitro- 
gen use between mulch-till, no-till, and conventional-till 
without the moldboard plow. These findings are consistent 
with the results reported by Duffy and Hanthorn (13), and 
do not support the common view that reduced tillage tends 
to require more nitrogen. 


Four cropping sequences were analyzed, including 3-year 
corn, 2-year corn, corn-soybeans (denoted by corn/soybean 
hereafter), and corn-other crops (neither com nor soybean 
was planted before corn, denoted by comn/other). The base 
variable is 3-year corn. Farmers who planted 3-year corn 
used more nitrogen, at the 10 percent significance level, 
than farmers who planted corn following a crop other than 
corm. However, farmers who grew corn for only two con- 
secutive years did not use significantly more nitrogen than 
farmers who planted corn following soybeans. 


Even though soybeans are known to provide rotational 
benefit in terms of nutrient requirement, many farmers did 
not appear to give credit to the residual nitrogen. Farmers 
who followed the corn/other sequence applied less nitro- 
gen than farmers who planted corn for 2 or 3 consecutive 
years. Alfalfa and fallow accounted for around 50 percent 
of other crops in com/other acres. 


Application timing and methods greatly influence nitrogen 
use. Farmers were categorized by whether or not they ap- 
plied nitrogen only before planting. Because of greater po- 
tential for denitrification, run-off, and leaching associated 
with pre-plant nitrogen applications, farmers who com- 
pleted nitrogen applications before planting were expected 
to use more nitrogen than farmers who did not rely solely 
on pre-plant applications. Broadcast and band are the two 
predominant nitrogen application methods. © Broadcast ap- 
plication rates are much higher than banded rates. The em- 
pirical results indicate that indeed higher application rates 
were associated with pre-plant applications as compared to 
other application timings, and especially with the broadcast 
method which used 57 pounds more nitrogen per acre than 
the band method. 


The empirical results suggest that participation in the 
feedgrain program did not directly encourage more nitro- 
gen use during 1990-1992. However, because a small per- 
cent of soybean acres were treated with nitrogen and low 
rates were applied to treated acres, the corn/soybean se- 
quence received much less nitrogen than continuous com 
over a 2-year period. Consequently, we need to study the 
rotation decision-making in order to improve our under- 
standing of the total program effect on nitrogen and pesti- 
cide use. 


Actual yields were treated as the proxy for target yields 
(the previous yield of the field was unknown), and the 
yield variable was significantly and positively related to ni- 
trogen application rates. Seeding rates reflect the density 
of the crop, and had positive effect on nitrogen application 


4 In nitrogen applications, broadcast includes air and ground broadcast, 


chemigation, and injection; band includes in furrow and banded in. 
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rates. Three maturity lengths of comm were planted in the 
10 States, including early season (109 days or less), me- 
dium (110-119 days), and full season (120 days or more). 
Nitrogen application rates increased with the length of ma- 
turity, but the difference between medium and full season 
maturity varieties was not statistically significant. 


Manure is a substitute for nitrogen. A dummy variable 
was created to signify manure application to the com field 
(the actual amount of manure applied was unknown). The 
results indicate that the manure-treated fields received an 
average of 13 pounds less nitrogen than other fields. 


The use of nitrogen inhibitors, which slows down leaching 
of nitrogen and hence improves nitrogen efficiency, was 
found to be positively correlated with nitrogen application 
rates. An earlier study suggests that the use of nitrogen in- 
hibitors improved corn yields in 1990 (24). If this is the 
case, farmers can use nitrogen inhibitors and reduce nitro- 
gen use without adversely impacting yields. The use of ni- 
trogen inhibitors is a relatively new technology which has 
been adopted by a fairly small percentage of corn farmers. 
It is likely that farmers may be reluctant to change nitro- 
gen use when they are experimenting with nitrogen 
inhibitors. 


Precipitation during January through March resulted in in- 
creased nitrogen application rates. The result is reasonable 
because rainfall during this period increases the amount of 
nitrate run-off and leaching, and thus requires additional ni- 
trogen input. With good moisture at planting, farmers 
might anticipate higher yields and thus might apply more 
nitrogen. However, excessive precipitation during April 
through June results in wet fields, and hence may limit af- 
ter-planting nitrogen applications. The empirical results in- 
dicate that nitrogen application rates declined when rainfall 
increased during the spring months. 


Herbicide Use and Cost 


More than 97 percent of corn fields in the 10 States were 
treated with herbicides. Fields not treated with herbicides 
were excluded from the analysis because they had no infor- 
mation on some herbicide practices. A preliminary analy- 
sis indicated that farmers’ yield expectations (represented 
by actual yields) had little effect on herbicide or insecti- 
cide use. Consequently, the observations which had no 
yield information were included in the analysis of pesticide 
use. In total, there were 9,148 observations included in 
the analysis of herbicide use. The average herbicide use 
was 3.15 pounds per acre and the average cost was $18.38 
per acre. 


The empirical results were summarized in table C-2. The 
R‘ is around 10 percent, which is much lower than the 
goodness-of-fit of the nitrogen use equation, indicating a 
Critical need to collect information on pest management 
practices, such as target pest and economic thresholds, in 
order to improve our understanding of pesticide use pat- 
terns in corn production. 


Conventional-till with the moldboard plow received fewer 
pounds of herbicides and incurred lower herbicide costs 
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than the other three tillage systems, at the 5 percent signifi- 
cance level. Conventional-till without the moldboard 
plow, mulch-till, and no-till received a similar amount of 
herbicides, but no-till incurred higher herbicide costs, at 
the 5 percent significance level. Compared with other till- 
age systems, no-till tends to use more expensive, non-selec- 
tive pre-plant, and post-emergence herbicides. Because the 
majority of corn farmers who practiced conventional till- 
age did not use the moldboard plow, one should not come 
to the conclusion that switching from conventional tillage 
to conservation tillage would always increase herbicide 
use. 


Mechanical cultivation for weed control was a substitute 
for herbicides. Each cultivation was found to reduce herbi- 
cide use by nearly 0.17 pounds and reduce herbicide costs 
by $0.65 per acre. It should be pointed out that herbicide 
costs include only material costs, not application costs. 
The custom rate for application (excluding materials) was 
estimated to be $4 per acre and the rate for row crop culti- 
vation was $5 per acre for the North Central region in 
1993 (11). At these costs, herbicides appeared to be more 
economical than mechanical cultivation in controlling 
weeds. 


Corn farmers in the 10 States were categorized by whether 
or not they applied herbicides only before planting, 
whether herbicides were applied by farmers or custom ap- 
plicators, and whether they applied herbicides by broadcast 
or band.~ A priori expectations were: farmers who com- 
pleted herbicide applications before planting tend to use 
higher rates than farmers who applied herbicides at or after 
planting; band application rates are substantially lower 
than broadcast rates; and farmers may or may not apply 
higher rates than custom applicators. 


Farmers who completed herbicide applications before plant- 
ing applied herbicides at a higher rate, 0.28 pounds, but in- 
curred a lower cost of $1.76 per acre than other farmers at 
the 1 percent significance level. Most of the herbicides ap- 
plied before planting have pre-emergence activity, and are 
less expensive because they usually are older materials 
with expired patents. Alachlor, atrazine, and metolachlor, 
the three most commonly used herbicides, are prime 
examples. 


Most post-emergence herbicides are relatively new in the 
market, more expensive, and applied at much lower rates 
than pre-emergence herbicides. Farmers who banded herbi- 
cides used 0.61 pounds less and incurred a lower cost of 
$3.14 per acre than farmers who broadcast herbicides, sig- 
nificant at the 1 percent level. Farmers applied herbicides 
at a slightly lower rate and incurred a slightly lower cost 
per acre, compared with custom applicators (significant at 
the 10 percent level). 


Eight interactive dummy variables were created to examine 
the effects of cropping sequences and program participa- 


In pesticide applications, broadcast includes air and ground broadcast, 


chemigation, and directed spray; band includes in furrow and banded in. 
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tion. The base variable was 3-year corn with program par- 
ticipation. Among the fields enrolled in the program, no 
significant differences in herbicide use could be found 
among fields in 3-year com, 2-year corn, and corn/soy- 
bean. Among the fields that were not enrolled in the pro- 
gram, the only significant difference in herbicide use was 
between 3- and 2-year com. The results suggest that crop 
rotations have limited effect on weed control and that 
weed control is not a primary objective of crop rotations. 


Compared with non-participants, participants of the 
feedgrain program significantly increased herbicide use 
and costs among some cropping sequences: an increase of 
0.36 pounds and $2.14 per acre among 2-year corn fields; 
and an increase of 0.12 pounds and $0.73 per acre among 
corm/soybean fields. No significant differences were found 
for the fields that were in 3-year corn or in corn/other se- 
quence. In sum, the empirical results provided some sup- 
port to the view that commodity programs contributed to 
greater herbicide use in corn production. 


Use of a fall cover crop significantly reduced herbicide 
cost, but not herbicide use. Seeding rates reflect crop den- 
sities and higher seeding rates significantly increased herbi- 
cide use and costs. Herbicide use increased with tempera- 
ture, suggesting a positive relationship between weed 
population and temperature. It shouid be noted again that 
temperature may also capture the effects of some regional 
factors that are not included in the model. 


Insecticide Treatment, Use, and Cost 


Among the 9,289 observations analyzed in the 10 States, 
2,413 fields (26 percent) were treated with insecticides. 
Some production practices, such as crop rotations, affect in- 
secticide use and costs in two ways. A switch from con- 
tinuous corn to other patterns (such as corn/soybean) effec- 
tively reduces corn rootworm larvae populations, a major 
corn insect. Consequently, the chance of needing insecti- 
cide treatment (or the percent of acres treated) is greatly re- 
duced. Further, the application rate is lowered if treat- 
ments are made. 


To separate the effects on the percent of acres treated and 
the application rate, two analyses were conducted. The 
first analysis investigated factors that determine whether or 
not a field was treated with insecticides. Because the 
value of the dependent variable was either 0 (not treated) 
or | (treated), the model of qualitative choice (probit 
model) was employed in the first analysis. The second 
analysis identified and quantified factors that influence in- 
secticide use and costs among fields that were treated with 
insecticides. The empirical results are reported in tables C- 
3 and C-4. 


Treatment or No Treatment 


Cropping sequences are the predominant determinants of 
insecticide use in com production. The empirical results 
suggest that program participation increased the chance of 
having insecticide treatments by almost 37 percent on 3- 
year corn (significant at the 1 percent level), and by 19 per- 
cent on 2-year corn (significant at the 5 percent level). 
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Table C-3. 


probit, qualitative choice model 


Treatment or no treatment with insecticides 


eer eceere cee em cee ee eee cee ese see e ees ec ese se eee ese eee eee ee eee se eee ese 


eee eee eee et eee se eee se wees cee ce ese eee ee eee se eee ec eee e eee ec eee eee 


Constant 

Convent-till with MBP 
Convent-till w/o MBP 
Mulch-till 

No-till 

3-year Corn & Program 
2-year & Program 
Soybean/Corn & Program 
Other/Corn & Program 
3-year Corn & No Program 
2-year Corn & No Program 
Soybean/Corn & No Program 
Other/Corn & No Program 
Seeding Rate 

Temperature 

Early Season Maturity 
Medium Maturity 

Full Season Maturity 
Cover Crop 

Year 1990 

Year 1991 

Maddala R-Square 


Coeff t-value 
3.50 -6.32 
base variable 
0.20 4.21 
0.01 0.15 
0.15 2.17 
base variable 
-0.33 -5.63 
-1.67 -35.65 
-1.31 -19.86 
-0.37 -5.24 
-0.52 -6.46 
-1.62 -26.17 
-1.27 -14.39 
0.03 4.61 
0.05 5.74 
0.06 1.03 
0.24 5.00 
base variable 
-0.02 -0.19 
0.15 3.94 
-0.18 -3.02 

0.20 


weecee ee eee cee ec eee ec eee se wees eee es cee es ee ee wees ee ee eee ew eee oe 


Table C-4. 


Factors Affecting Insecticide Use and Cost 


eerce eee ee eee eee ec eee ce ee see eee se cee se cee ec eee es ee ee oe ee eee eo eee ew eee 


Constant 

Convent-till with MBP 
Convent-till w/o MBP 
Mulch-ti11 

No-till 

3-year Corn 

2-Year Corn 
Corn/Soybean 
Corn/Other 

Program Participation 
Pre-Plant Applications 
Band Applications 
Farmer Self Applications 
Early Season Maturity 
Medium Maturity 

Full Season Maturity 
Cover Crop 

Seeding Rate 
Temperature 

Year 1990 

Year 1991 

R-Square 

Adj. R-Square 


lbs/ac $ 
98 2.41 -1.57 
base variable. 
04 -1.34 -0.18 
07) -2.15 -0.46 
17. -3.91 -0.67 
base variable 
05 -1.97 -0.38 
11s - 4.11 -1.36 
07 -1.63 -0.44 
03. «—--1.23 -0.15 
02 0.37 -0.02 
19 6.55 2.01 
06 -1.59 0.03 
01 -0.22 0.19 
02 0.07 0.45 
base variable 
00 0.03 -1.07 
02 4.28 0.24 
01 -1.16 0.09 
11 4.30 0.01 
05 1.24 -0.49 
07 0.08 
07 0.07 


-0.66 
-1.50 
-1.63 


Sateroln 
-5.54 
-1.20 
-0.69 
-0.05 

7.52 


0. 
0.55 
Me 


-2.46 


eee e cere ee ee eee ese eee se eee ec eee = eee e eee e wee ew eee ew ee ee ee ee wee eo eee 


However, participation in the feedgrain program did not di- 
rectly affect the chance of having insecticide treatments on 
the corn acres that followed a crop other than com. When 
the cropping sequence was switched from 3-year corn to 2- 
year corn, the chance of having insecticide treatments was 
reduced by 33 percent among program participants and 
was by 15 percent among the acres not enrolled in the pro- 


gram. 


Rotating com with another crop provides effective root- 
worm control, thus greatly reducing the need for insecti- 
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cide applications. This effect is best exemplified by the 
corn/soybean cropping sequence, which reduced the 
chance of having insecticide treatments by at least 125 per- 
cent when compared with 3-year com, and by at least 100 
percent when compared with 2-year corn. When corn fol- 
lowed a crop other than corn or soybeans, insecticide treat- 
ments were also greatly reduced. These findings testify to 
the statement by Pimentel et al (34) that continuous crop- 
ping sequence has drastically increased insecticide use as 
well as yield losses to pests in com production. 


Tillage practices influenced whether or not a field was 
treated with insecticides. Conventional-till with the mold- 
board plow and mulch-till had a smaller percent of acres 
treated with insecticides (significant at the 5 percent level), 
while no significant difference could be found between 
conventional-till without the moldboard plow and no-till. 


Higher seeding rates, higher temperature, and a shorter ma- 
turity length were also found to significantly increase the 
chance of having insecticide treatments among corm acres. 
Insect problems varied from year to year, thus significantly 
affecting the percent of corn acres being treated with 
insecticides. 


Use and Cost 


On the average, 0.25 pounds of insecticides at a cost of 
$2.74 per acre were applied to all the non-irrigated corn 
acres in the 10 States. On the treated acres, the average ap- 
plication rate was around one pound per acre at a cost of 
$11.20. 


Reducing the number of years of com in the cropping se- 
quence not only greatly reduced the chance of having in- 
secticide treatments, but also significantly reduced the ap- 
plication rate. Among the four cropping sequences, the 
corn/soybean pattern had the lowest insecticide application 
rate and costs: 0.11 pounds and $1.36 per acre lower than 
the 3-year corm; and 0.06 pounds and $0.98 per acre lower 
than the 2-year com. Feedgrain program participation did 
not directly affect the insecticide application rate and costs. 


Since cropping sequences play a key role in determining in- 
secticide use, commodity programs may have an indirect 
effect on insecticide use if it also influences cropping pat- 
terns. Conventional wisdom suggests that commodity pro- 
grams impose inflexibility in cropping patterns, while Gar- 
giulo (16) provides empirical evidence showing that 
commodity programs actually increase crop diversity and 
thus reduces insecticide use. Obviously, future research is 
warranted to improve our understanding of the farmers’ ro- 
tation decisions. 


When compared with conventional-till with the moldboard 
plow, no-till had higher percent of acres being treated with 
insecticides but lower application rates on treated acres. 
Therefore, a switch from conventional-till with the mold- 
board plow to no-till may or may not increase insecticide 
use, depending on other practices, such as cropping se- 
quences. The empirical results also suggest no-till re- 
ceived significantly lower rates of insecticides than other 
tillage systems. Mulch-till acres were treated with signifi- 
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cantly lower rates of insecticides than conventional-till 
with the moldboard plow but not conventional-till without 
the moldboard plow. Finally, the use of the moldboard 
plow in the conventional tillage systems did not signifi- 
cantly influence insecticide application rates. Additionally, 
no significant differences in per-acre treatment costs could 
be found among the four tillage practices, at the 5 percent 
significance level. 


Insecticide application rates and costs were affected signifi- 
cantly by application methods. Contrary to the findings on 
herbicide use, band applications had higher insecticide ap- 
plication rates than broadcast applications. This can be ex- 
plained by the fact that rootworm larvae is the predomi- 
nant insect problem in corn, which is usually controlled by 
banded applications. Farmers who broadcast insecticides to 
treat cutworms, European corn borer, and mites used insec- 
ticides which are applied at lower rates. Insecticide appli- 
cation rate and cost also increased with seeding rates and 
varied from year to year. 


Conclusions 


An important step towards reducing chemical use in U.S. 
agricultural production is to identify less chemical-inten- 
sive production practices and measure their effects. In this 
article we summarized the literature on the effects of some 
production practices and government programs on 
agrichemical use. Then we compared the results reported 
in the literature with the results of an analysis of field- 
level data collected through the USDA Cropping Practices 
Surveys on corn during 1990 through 1992. The empirical 
results provide some insights into chemical use in com 
production. 


Both nitrogen and herbicide use, measured in pounds per 
acre of active ingredients applied, can be substantially re- 
duced by switching from broadcast to band applications 
and from pre-plant to after-plant applications. However, 
there are economic costs associated with these changes. 
Timing and method of applications have little influence on 
insecticide use. 


Crop rotations are the most effective means for reducing in- 
secticide use in com production. A switch from continu- 
ous com to corn/soybean drastically reduces the percent of 
corn acres treated with insecticides and lowers the insecti- 
cide application rates on treated acres. Also, moving from 
3-year corn to 2-year corn is effective in reducing insect 
problems. The higher profit for corn production relative to 
that of other crops and the need for corn in an integrated 
crop/livestock operation are two of the major barriers to 
crop diversity. The empirical results support the view that 
crop rotations have limited effect on weed control. Crop 
rotations also do not reduce nitrogen use in corn produc- 
tion probably because farmers do not give credit to resid- 
ual nitrogen from the previous soybean crop. 


A switch from conventional tillage (with or without the 
moldboard plow) to conservation tillage (mulch- or no-till) 
does not necessarily increase agrichemical use. Our em- 
pirical results suggest that nitrogen use does not vary 
across tillage systems. A switch from conventional-till 
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with the moldboard plow to conservation tillage does in- 
crease herbicide use. However, conventional-till without 
the moldboard plow uses herbicides at a rate similar to con- 
servation tillage. Thus, a shift from conventional tillage 
without the moldboard plow to conservation tillage will 

not affect herbicide use. Similarly, moving away from con- 
ventional tillage to conservation tillage does not necessar- 
ily increase insecticide use. 


The empirical results of the study provides some support 
for the view that participation in the feedgrain program in- 
creases herbicide and insecticide use in com production. 
Herbicide use in the 2-year corn and corn/soybean se- 
quences increased with program participation. Program 
participation does increase the percent of continuous corn 
acres (but not other cropping sequences) being treated with 
insecticides. Participation in the feedgrain program does 
not directly influence the insecticide application rates 
across all cropping sequences. However, program partici- 
pation may influence cropping sequences and thus affect in- 
secticide use in corn production. To improve our under- 
Standing of the role of commodity programs in insecticide 
use, we need to study the farmers’ decision-making on 
crop rotations. 
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Harvested acres (1000) 2550 850 1550 11300 1400 2500 2100 1000 5500 860 1400 3700 2500 37210 


SEES SISOS ISIC IIIS IHS Percent of acres’ 3/ == ---9 999 = 99 


Highly erodible land 54 56 38 29 45 59 30 13 20 45 32 19 55 34 
Tillage system: 
Conv/w mbd plow 4/ nr 11 id 6 id 1 6 4 10 36 id nr 6 6 
Conv/wo mbd plow 5/ 75 75 61 76 66 83 79 69 85 44 68 85 69 76 
Mulch-till 6/ 25 7 9 16 8 15 12 4 5 18 25 13 Ze 14 
No-till 7/ nr 8 28 iz 24 id 2 23 nr id 5 i 4 4 
Residue remaining wren ere nnn eens ence nnn Percent of soil surface covered ~-~---=~--—= === 9955 
after planting: 
Conv/w mbd plow nr 2 id 2 id id 2 1 1 2 id nr 2 2 
Conv/wo mbd plow 16 9 16 13 17, 14 15 14 12 15 18 aa 14 13 
Mulch-till 40 45 39 35 39 40 37 35 43 37 42 40 42 39 
No-till nr 63 56 63 53 id 35 52 nr id 58 72 35 54 
Average 22 15 29 17 27 19 17 23 13 14 26 16 20 18 
rn nnn rr rr rn rrr rrr rane Number ---- 9 rrr re 
Hours per acre: 
Conv/w mbd plow nr PB) id oe) id id wa 8 tT 8 id nr mT. ned) 
Conv/wo mbd plow 4 =D aS 5 3 4 -6 4 29 .5 4 25 6 aD 
Mulch-till ae 4 3 3 3 o2 | 4 «3 aD are 3 we «3 
No-till nr ok od 1 ont id ol 1 nr id ee el oil al: 
Average os! 34 og 25 23 3 ao) ae) 22 6 aes ao) As 4 
Times over field: 
Conv/w mbd plow nr 4.4 id 5.8 id id 6.5 353 5.9 Sa, id nr Sed 5.6 
Conv/wo mbd plow Sec) 3.9 2.6 5.3 2S 4.8 5.6 205 5.2 4.4 4.7 4.8 6.2 SO 
Mulch-till 4.0 3.5 are 5.0 2.3 3.1 Sio 2.4 3.8 3.9 3.8 3.8 3.49 4.1 
No-till Niel 0 1.0 1.0 1.1 a 1.0 1.0 nr id a0) an) 1.0 1.0 
Average 5.0 3.7 2.1 5.2 ee 4.5 So Ze2mnnO 2 4.7 4.2 4.6 5.4 4.7 


id = Insufficient data. mr = None reported. 


1/ Preliminary. 2/ Arkansas and Indiana not included in 1993. 3/ May not add to 100 due to rounding. 
4/ Conventional tillage with moldboard plow--any tillage system that includes the use of a moldboard plow and has 
less than 30 percent residue remaining after planting. 5/ Conventional tillage without moldboard plow--any tillage 
system that has less than 30 percent remaining residue and does not use a moldboard plow. 6/ Mulch-tillage--system 
that has 30 percent or greater remaining residue after planting and is not a no-till system. 7/ No-tillage--no 
residue-incorporating tillage operations performed prior to planting; does allow passes of non-tillage implements, 
such as stalk choppers. 
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Appendix table 2--Tillage systems used 


in fall potato production, 199 


2 


Planted acres (1000) 2/ 


Highly erodible land 


Tillage system: 
Conv/w mbd plow 4/ 
Conv/wo mbd plow 5/ 
Mulch-till 6/ 
No-till 7/ 


Residue remaining 
after planting: 
Conv/w mbd plow 
Conv/wo mbd plow 
Mulch-till 
No=ti11) 


Average 


Hours per acre: 
Conv/w mbd plow 
Conv/wo mbd plow 
Mulch-till 
No-till 


Average 
Times over field: 
Conv/w mbd plow 
Conv/wo mbd plow 
Mulch-till 


No-till 


Average 


25 
69 


nr 


24 
15 


nr 


45 
36 


86 
14 
nr 
nr 


a3 


25 
65 
10 
nr 


Percent of 


3 
no) 
36 
nr 


7 


je elire 
& © © 


nT 


WuOan 


nr 


26 atl 45 
65 32 47 
23 47 50 
9 21 3 
id nr nr 


soil surface covered 


2 2 al 
12 16 5 
68 42 Sal 
id nr nr 
at Ly 4 
79 -4 Abel 
.8 23 mr 
ne, ar ey 
id nr nr 

8 ES lie 


28 3.4 4.6 
3.8 a8 50 
2.0 276 Dead 
id nr nr 


96 


nr 
id 


28 
59 
LS 
nr 


68 
Ly 


aD) 
56 


12 


10 


Sve ae OG 
wo &~@ 


id = Insufficient data. 


1/ Excludes Long Island. 


remaining after planting. 


30 percent remaining residue and does not use a moldboard plow. 


nr = None reported. 


2/ Preliminary. 
moldboard plow--any tillage system that includes the use of a moldboard plow and has less than 30 percent residue 


5/ Conventional tillage without moldboard plow--any tillage system that has less than 
6/ Mulch-tillage--system that has 30 percent or 
7/ No-tillage--no residue-incorporating 


3/ May not add to 100 due to rounding. 


greater remaining residue after planting and is not a no-till system. 
tillage operations performed prior to planting; does allow passes of non-tillage implements, such as stalk choppers. 


Agricultural Resources: Inputs/AR-32/October 1993 


4/ Conventional tillage with 
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November 30 - December 1, 1993 %* Washington, DC 


Headning USDA’s 
OUTLOOK CONFERENCE 


The new priorities at USDA 


Prospects for trade and trade 
agreements 


Projections on the farm and 
rural economy 


Farming. the environment, and 
natural resources 


The menu for food safety and 
nutrition 


And featuring .. . 


Sessions on all major farm commodities, farm finance, and food prices, 
led by USDA analysts and private sector experts. 


For information, call (202) 720-3050, or fax requests to (202) 690-1805. 
Or write: Agriculture Outlook ‘94, Room 5143-South Building, USDA, 


Washington, DC 20250-3900 


Can’t be there? Watch the TV Broadcast. 
Tune in the Galaxy 3, C-band satellite, Channel 24, 9-5 Eastern time 


on November 30. It’s free! Call for a program. 





United States 

Department of Agriculture 
1301 New York Avenue, N.W. 
Washington, D.C. 20005-4789 


OFFICIAL BUSINESS 


Penalty for Private Use, $300 


Moving? To change your address, send this 
sheet with label intact, showing new address 


to EMS Information, Rm. 228, 1301 New 
York Ave., N.W. Washington, D.C. 20005- 
4788. 
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